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I I the international search was carried out on the basis of a translation of the international application furnished to this 
— ' Authority (Rule 23.1 (b)). 
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| \ the text has been established by this Authority to read as follows: 
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within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 

| | as suggested by the applicant. [X] None of the figures, 

| | because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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I. Basis of the report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

1 -20 as originally filed 



Claims, No. 

1-50 



as received on 



1 6/03/2000 with letter of 



15/03/2000 



Drawings, sheets: 

1/10-10/10 as originally filed 



Drawings, No.: 

1-23 



as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

see separate sheet 

4. Additional observations, if necessary: 



III. 



Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 



The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 
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□ the entire international application. 
IS claims Nos. 16,17,25,37-45. 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



H the description, claims or drawings (indicate particular elements beloWj or said claims Nos. 16,17,25,37-45 
are so unclear that no meaningful opinion could be formed (specify): 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 


Yes: 


Claims 




No: 


Claims 


Inventive step (IS) 


Yes: 


Claims 




No: 


Claims 


Industrial applicability (IA) 


Yes: 


Claims 




No: 


Claims 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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1 . Remarks with respect to item I 

1.1 Cited documents 

Reference is made to the following documents cited from the international search 
report: 

D2: US-A-4 914 022 (also cited in the description), 
D3: US-A-4 820 504. 

The following document was introduced during the examining procedure: 
D1: US-A-4 272 049. 

Further, the following document mentioned in the description is referred to. A copy 
thereof is attached to this report: 
D4: US-A-5 002 377. 

1 .2 Objections pursuant to Art. 34 PCT: 

Claims 12-14 and 24 define a "coordinate positioning system", in contrast to original 
claims 18 and 24 and the description which were restricted to an "x-y positioning 
system", see e.g. p. 5, I. 5-7 mentioning an "x-y positioning platform", p. 13, I. 22-32 
mentioning an "x drive" and a "y drive" in addition to the possibility to move the sample 
in the z direction, and p. 14, 1. 16-29 mentioning again an x-y drive. 
However, a "coordinate positioning system" need not necessarily be linked with 
Cartesian coordinates, so that the scope of the claim is broader than what is justified by 
the application as filed. For comparison of the claims with the prior art, it has been 
considered that the coordinate positioning system relates to a 'x-y positioning system". 

2. Remarks with respect to item III 

An examination of claims 16, 17, 25, 37 and 38-45 in view of the requirements of Art. 
33(2)(3)(4) PCT is not possible due to the clarity objections, see item VIII. 
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3. Remarks with respect to item V 



3.1 Novelty (Art. 33(2) PCT): 

The features of each of claims 1-15, 18-24, 26-36 and 46-50 are not known in 
combination from prior art, see the following discussion on inventive step. 

3.2 Inventive step (Art. 33(3) PCT: 

Claim 1: Document D2 is regarded as representing the closest prior art to the subject- 
matter of claim 1 because it discloses a method of making an array for performing an 
analysis of biological specimens (see e.g. the array depicted in Fig. 1e, and col. 4, I. 57- 
61 disclosing assembling tissue specimens in a drinking straw), the method comprising 
(see e.g. col. 4, I. 25-42) obtaining elongated donor specimens from a biological donor 
material that is to be analysed. 

It is a problem of the method of D2 that the specimens are irregularly arranged within 
the holding device. 

It is an object of the present invention to provide an alternative method avoiding this 
problem. 

This object is attained by providing a recipient member with an array of elongated 
receptacles. Each donor specimen is placed in the receptacles such that their location 
is maintained, when sections from the array, transverse to the elongated receptacles 
are taken, see also the remarks with respect to item VIII. 

These features are also inventive in view of document D4 which discloses an 
alternative method of embedding specimens. However, in this case the specimens are 
loosely placed in elongated receptacles (parallel rectangular grooves), see Fig. 3, and 
finally embedded in an embedding medium such as agar gel. The pattern of the array 
of specimens may be selected to accommodate computer controlled image analysis, 
see col. 2, I. 11-18. However, only the final embedding makes sure that the position of 
the specimens is fixed (see e.g. Fig. 4). In contrast thereto, the present invention aims 
at positioning the specimens from the beginning such that their position is maintained 
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and a final embedding can be dispensed with. 

Document D3 discloses a method of preparing a multi-specimen tissue block by 
forming a plurality of specimens into rods which are wrapped in a casing, embedded in 
an embedding medium to form a tissue block which is finally divided into sections. 
Thus, the method leads to an irregular arrangement of the specimens, like the method 
of D2. 

Claim 78; The claim comprises all the features of claim 1 , adding the step of boring 
receptacle cores from the recipient member. Thus, the claim is likewise inventive. 

Claim 26: Bearing in mind the clarifications made with respect to item VIII, the claim 
mainly differs from claim 18 by defining a reciprocal punch for gaining the donor 
samples. Thus, the claim is inventive as well. 

Claim 46: The claim defines a computer implemented system comprising the features 
of claims 18 and 26. Thus, the claim is inventive. 

Claims 2-15, 19-24, 27-36 and 47-50 are likewise inventive because they define 
additional features. 

3.3 Industrial applicab ility (Art. 33(4) PCT): 

The subject-matter of claims 1-15, 18-24, 26-36 and 46-50 is industrially applicable. 
4. Remarks with respect to item VII 

4.1 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

4.2 The description on pages 3-5 is not in conformity with the amended claims (Rule 
5.1(a) (Hi) PCT). 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY •"«•" "° PCT/US99/0400, 
EXAMINATION REPORT - SE PARATE SHEET 

5. Remarks with respect to item VIII 

S 1 Claims 16 17. 25 and 37 are unclear because they define a product by way of its 
produc L It s no, possible to determine from a given cross-section o, a donor sample, 
prepared by any of the defined methods, i, this cross-section has in fac, beer , produced 
■ meTndicLd manner. It is noted tha. for a long time biological specmens have been 
embedded in paraffin, gelatine etc. by means of cavities having the des.red shape for 
me bC to be moulded, which are finally sectioned by a microtome. In a common 
!e,ho^ known to those skilled in the art, the bottom of the cavities ,s prov,ded w,m a 
Z7o< e g paraffin, before the sample is placed on top of this layer and embedded hn 
u*er paraffin. I. would be obvious to a skilled practitioner, e.g. when a,m,ng to make 
ni work efficient and economical, to perform this step several times, .... placng one 
obiecTon a layer o, paraffin, covering this obiec. with a second layer, placng a second 
(or several spaced-apart samples) on top of this layer etc. 

When sectioning a paraffin block prepared in this way by a microtome one would ge, a 
cls-seln of Jo. specimens (maybe hundreds of specimens according to .he 
c rcumstances) without having a possibility to decide if this cross-secon has been 
created >" afore-described manner or in the way defined in present c a,m 1 . 

n gene- » -uid be possible to place specimens in the 
block and fill the remaining space between the specimens and the walls of the 
Teptacts w«h further paraffin. Normally it would no, be possible to decide from the 
samDle blocks thus prepared, how they have been made. 

C r se Tons prepared by ,he method o, D3 (see e.g. Fig. 9 therein) or th, > sectrons 
prepared by ,he method of 04 (see Fig. 1 and 7 therein, might likewise be ,den„ca, to 
the sections gained in the way i, is presently defined.) 

5 2 For comparison of claims 1 , 18, 26 and 46 with the prior art, it has been considered 
mat the dono, specimens ■maintain their assigned locations »nen sections from We 
Zy lTnsversl to tne elongated receptacles, are taken: This feature ,s essentia, ,o 
^performance of th. inven.ion, bearing in mind that a positron of a spec.es m a 
receptacle may also be maintained i. its spatial extension is such that the spec.es ,s ,n a 
more or less loose contact with the wall of the receptacle. However, such a 
Zgurmion would probably no, allow to prepare sections from the sample w„hou, 
disturbing the orientation of the specimen. 
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5 3 For comparison of claim 26 with the prior art, it has been considered that the 

pi X o, means W (e.g. "donor block hoider for") are each ■arranged to perform the 

indicated steps. ,0 make sure that these means are in tact used to, the ,nd,ca.ed 

purpose. 

5 4 Some features essentia! to the performance of the invention are missing from claim 
38 The claim is restricted to a system which arranges biological specimens ,n 
Lqateteceptacles by means of a reciprocal punch. According to the summary of 
r—n on pages 3 and 4 o, the description, a paraHel analysis of tissue 
sp e rn is enabled by placing the objects to be analysed in a recipient anay and 
p^pTing sections therefrom, whereby each section contains a plural.ty of donor 
speclens "that maintain their assigned locations", see 1. 14-17 on page 3. In contrast 
hereto claim 38 merely defines a positioning of the specimens ,n the 
wTou.' defining that the positions of the specimens are kept when sect.ons from the 
T ay aretL (see also above item 5.2). Moreover, the description conveys he 
Ireston «ha, he reciprocal punch is only used lojunch a donor specmer .from a 
Zor block whereby a stylet is used to displace contents of the donor punch into the 

SSkssssssssssss? 

by the description. 

5 5 The plurality of different independent apparatus claims (cl. 26, 38 46) i and 
dependent method claims (d. 1 and 18) makes it difficult to de.erm.ne the matter for 
which protection is sought and leads to lack of conciseness. 

5 6 For comparison of claim 46 with the prior art, it has been considered that the 

£ Lo i ioning platform « ^ to ™ve a fray ,c a pftnly of 

because the present definition is no, in conformity with the category o, the clarm. 
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We claim: 

1 . A method of making an array for performing an analysis of biological specimens, 
comprising: 

obtaining a«longated donor specimens from a biological donor material that is to be | 
analyzed; 

providing a recipient member having an array of e longated receptacles, with the receptacle 
extending transverse to a plane of the array that is to be analyied; and 

placing the donor specimens in the receptacle, ai a-fixed assigned locations in the recipient 
array member , which ^ftUte ^locations are maintained and recorded. 

2. The method of claim 1 , wherein providing the recipient member comprises providing 
an array of preformed elongated receptacles in the member. 

3. The method of claim 2, further comprising obtaining a plurality of sections from the 
recipient array with each section containing a plurality of donor specimens that maintain their 
assigned locations. 

4. The method of claim 2, wherein the donor specimen is placed in a receptacle having a 
cross-sectional size and shape complementary to a cross-sectional size and shape of the elongated 
specimen. 

5. The method of claim 2, wherein the preformed elongated receptacles are cylindrical 
bores in the recipient member, and each specimen is obtained by boring a cylindrical tissue 
specimen from the donor material, 

6. The method of claim 5, wherein a diameter or each elongated receptacle is substantially 

identical to the diameter of the specimen that is placed in the receptacle. 

7. The method of claim 2, further comprising associating a clinical or laboratory 
characteristic, or both, with each assigned location in the recipient array, wherein the clinical 
laboratory characteristic is other than information obtained from the array. 

S. The method of claim 2, wherein the biological sample is a tissue specimen or cellular 

preparation. 

9. The method of claim 2, wherein the receptacles arc in a substantially regular array, 
spaced by a distance of about 0.05 mm between adjacent edges of the receptacles, 

10. The method of claim 2, wherein at least hundreds of donor specimens are spaced in a 

substantially regular array. 

11. The method of claim 10, wherein at least about 372 donor specimens are spaced in the 

substantially regular array. 

12. The method of claim 2, wherein the receptacles are formed in a substantially regular 

array by a coordinate positioning system. 



AMENDED SHEET 



16-03-2000 " 



' IRNCHEN Of* 



a- o 



1:00 



228 <2i£G^ 



+4-9 89 2! 



' US 009904001 



22 



13. Hie method of claim 12, wherein the donor specimens are placed in assigned 
receptacles by the coordinate positioning system. 

U. The method of claim 13, wherein information about each donor specimen is recorded 

with reference to a coordinate positioning system, 

15. The method of claim 14, wherein the information about each donor specimen includes 
clinical information about a subject from whom (he biological specimen was obtained, 

16. The array formed by the method of claim 2. 

17. A section of the recipient array, made by the method of claim 3. 

18. A ttL6»« -method o f preparing an array of tissue specimens, comprising: 
providing one or more donor blocks comprising a biological specimen embedded in 

embedding medium; 

boring one or mote donor sample cores from the biological specimen in one 01 more of the 
donor blocks; 

boring receptacle cores from a recipient member to form an array of preformed 
receptacles at coordinate positions determined by the system; and 

placing * ~me or more d onor sample cores in the preformed complementary receptacles 
at assigned locations in the -"v, "»* ,hat ^ MsigIied localinns axe " amtained - 

19. The method of claim 15, further comprising sectioning the recipient embedding 
roedium transverse to me donor sample cores to obtain a cross-section of the donor sample cores in 
the array, while maintaining the assigned locations in the array in consecutive cross-sections. 

20. The method of claim 18, farther compruing aummatically recording an identification 
of each donor sample, including clinical or laboratory information, or both, -about me donor 
sample. 

21. The method of claim 18, further comprising aligning a thin tissue section above the 
donor block to identify an area of interest from which me donor sample core is taken. 

22. The method of claim 18, wherein me cylindrical donor sample core has a diameter 
that itr twin mm from about 0.1 mm to a bout 4 mm. 

23. The method of claim 22, wherein the automated system forms an array of 
substantially equally spaced receptacles that are less man about 4 mm in diameter. 

24. The method of claim 23, wherein the substantially equally spaced receptacles are 
positioned with an automated coordinate positioning system. 

25. A cross-section of the donor sample cores obtained by me method of claim 10. 

26. An apparatus for preparing sr*cimens for parallel analysis of sections of biological 

material arrays, comprising: 

a donor block holder for holding a tissue donor block in a donor position; and 

a reciprocal punch positioned in relation to the holder to punch a tissue specimen from the 

tissue donor block when the donor block is in the donor position; and 
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a recipient block holder for Holding a recipient "block in a recipient position, wherein the 
recipient block comprises an array of receptacles, each of which is positionable in a preselected 
position in relation to the reciprocal punch to deliver a tissue specimen from the reciprocal punch 
into a receptacle in the preselected position. 

27. The apparatus of claim 26, wherein the holder comprises an x-y positioning device 
that can be incrementally moved to align sequential receptacles and the reciprocal punch. 

28- The apparatus of 26, further comprising a stylet positioned for introduction into 
the reciprocal punch to expel the tissue specimen from the punch into one of the receptacles aligned 
with the punch. 

29, The apparatus of claim 26, further comprising a positioner tivir ponitionr for 
positioning a reference slide over the denor block, to align structures of interest in the reference 
slide with corresponding tissue specimen regions in the donor block, 

30* The apparatus of claim 26, further comprising a separate reciprocal punch capable of 
being positioned relative to the recipient block punching the array of receptacles in the recipient 
block, wherein the separate reciprocal punch is different than the reciprocal punch positioned to 
punch the specimen from the tissue donor block. 

3 1 . The apparatus of claim 26, further comprising a recorder that rwrnrdn for recording 
coordinate positions of the receptacles in the recipient block. 

32. The apparatus of claim 31, wherein the recorder is a computer implemented system 
fox recording the positions of the receptacles, and recording an identification of the tissue specimen 
that is placed in each receptacle. 

33. Toe apparatus of claim 32 wherein the identification includes information about the 
biological material that is not obtained from analysis of sections of the biological material. 

34. The apparatus of claim 26, further comprising a sectioning device that c u m for 
sectioning the recipient block into sections that can be subjected to different analyses. 

35. The apparatus of claim 34. whwia f urther comprising a recorder for recording 
results of the different analyses of to » s e ctions are recorrtod in association with information about 
the biological material that is not obtained from analysis of the sections themselves. 

36. Thf TfHpH* Wn^ nf c laim 2 6 T wherein the block comprises a regular array of 
spaced biological specimens in fixed assigned locations* - 

37. One or more of the sections of claim 34. 

38. An automated system for making arrays of biological specimens for serial analysis, 
the system comprising: 

a recipient array having a plurality of spaced elongated receptacles into which different 
biological specimens can be placed tn fixed positions; 
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an jutoimt i r rit ti ""«y ih-t intrnrtiirar a reciprocal pun c h for introducing 

sequential biological specimens into different receptacles at assigned coordinate positions of tke 
array; and 

a recorder tint irUnriftan for identtfying the biological specimen in each of the different 
receptacles ar the assigned coordinate positions. 

39. The automated system of claim 38, wh a r e ui tin automatiff nycum ikoj iinhcr 
cornorisiag a recorder for recording w «4 clinical or laboratory information about the biological 
specimen, or both. 

40. The automated system of claim 39 wh a wnifa t au t omat e d oynt a m correlate j iujher 
comprising a correlating device for correlating the clinical or laboratory information, or both, with 
the serial analysis performed on sequential sections of the recipient array, 

41 . The system of claim 38, wherein the system further comprises a donor block &e« 
Tvhich tht providing z biological specimen. , ic obwimd by a - pitnrlv 

42. The system of claim 38, further comprising an incremental positioner that 
incremenially moves the recipient array or delivery mechanism to the assigned coordinate positions 
after each sequential biological specimen is introduced into each receptacle. 

43. The system of claim 38, wherein the delivery mechanism is a punch which punches a 
tissue specimen from a donor receptacle. 

44 . The system of claim 41 , wherein the recipient array is formed by punching an 
elongated receptacle in the recipient array, automatically moving the recipient array or punch 
incrementally to align the punch with a new coordinate position on die recipient array, and 
punching another elongated receptacle in the new position. 

45 . The system of claim 44, wherein the delivery mechanism delivers each biological 
specimen to a receptacle at a recorded position in the recipient array, 

46. A computer implemented system for parallel analysis of consecutive sections of j 
biological material arrays, comprising: 

an x-y positioning platform that moves a tray to a plurality of coordinates that correspond 
to positions in a recipient block array; 

a receptacle punch positioned to punch for pi innhinp , a receptacle core from a recipient | 
block on the positioning platform, 

a donor punch positioned to punc h for punching a donor specimen from a donor block on I 
the positioning platform, wherein the receptacle core has a diameter thai is substantially the same as 
a diameter of the donor specimen; 

a stylet that is selectively alternatively aligned with the donor punch and the recipient 
punch, for displacing contents of the receptacle punch after a receptacle core is punched from the 
recipient block, and for displacing contents of the donor punch into receptacles of the recipient 
block array after a donor specimen is punched from the donor block; and 
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wbTBin The nytimn r? r-rlir " Tecmder for recording an identification of the biological 
material in the receptacles of the recipient array. 

47. The computer implemented system of claim 46, further comprising a microscope for 
viewing the donor block, and locating a structure of interest in a reference slide aligned with the 
donor block. 

48. The computer implemented system of claim 46. wherein the system punches a 
receptacle core from the recipient block and displaces the receptacle core from the receptacle punch 
with the stylet, then punches a donor specimen from me donor block, aligns the donor punch with a 
selected receptacle in the recipient block, and displaces the donor specimen into the selected 
receptacle. 

49. The computer implemented system of claim 46, wherein the identification of the 
biological tissue includes clinical or laboratory information, or both, about the biological material 

in each of the receptacles. 

50. The computer implemented system of claim 49, wherein the biological material is a 

tumor embedded in a block. 
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TUMOR TISSUE MICRO ARRAYS FOR RAPID MOLECULAR PROFILING 

FIELD OF THE INVENTION 

The present invention concerns devices for the microscopic, histologic and/or 
molecular analysis of tissue specimens. 

BACKGROUND OF THE INVENTION 

Biological mechanisms of many diseases have been clarified by microscopic 
examination of tissue specimen, Histo P atholo gl ca, examinat.on has also permitted the development 
of effective medical treatments for a variety of illnesses. In standard anatomical pathology, a 
gnosis is made on the basis of eel, morphology and staining characteristics. Tumor specimens, for 
lp, e> can .examined to character,, the tumor type and predict whether the pat.entw,! respond 
to a particular form of chemotherapy. Although this m.croscop.c examination and 
.mors has improved medical treatment, the microscopic appearance of a tissue specimen stamed by 
standard methods (such as hematoxyl.n and eosin) can often only reveal a limited amount of 

diagnostic or molecular information. 

Recent advances in molecular medicine have provided .„ even greater opportumt, » 
understand the cellular mechanisms of disease, and select appropriate treatments with the greatest 
M ood of success. Some hormone dependent breast rumo, ce»s, for example, have » ,»cr«*d 
expression of estrogen receptors on their cel, surfaces, which indicates that the patten, from whom 

and prognostic ceilular changes indude the presence o, rumor specific cei, surface ant.gens (as ■„ 
melanoma), the production of embtyonic proteins (such as o-fetoprotein in liv.r cancer and 
carcinoembryonic glycoprotein antigen produced by gastrointestinal tumors), and genet.c 
abnormalities (such as activated oncogenes in tumors). A va,i«y of technics have evolved to 
detect the presence of these cellular abnormalities, including unmunophenoryping wttn monoclonal 
antibodies, ,„ «. hybridization with probes, and DNA amplification using the polymerase ch„n 

reaction (PCR). , , 

the development of new molecular markers, however, has been tmpeded by the 

inability to group a large number of tissues within a stnail surface area. Only a limited amount of 

hybrid!, supernatant may be a.aiiable, particuiarly during the eariy phase of monoclonal «** 

glration, which limits the number of specimens that can be analyzed. Even if large ou.ntmes of 

the immunohistologic agent are avaiiable, however, the reagents are expensive and m.^ , var, ,n 

reacts. These problems led Battifota ., al. to propose in 55: 2 44. 2 48 ,1986, nd 

U S Paten, Ho. 4,820,504. tha, multiple tissue specimens may be grouped together on a s.ng.e sl.de 

to enable ft. specimens to be simultaneously screened b, appte-.n of a single drop of hvbr.doma 

supernatant. The specimens were prepared by using a hand-held razor blade to cu, deparaffimzed 
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and dehydrated tissue specimens into slices, which were then bundled together randomly, wrapped in 
a sausage casing, and re-embedded in paraffin. This technique required a high degree of manual 
dexterity, and incorporated samples into a composite block in a manner that made it difficult to find 
and identify particular specimens of interest. 
5 A modification of this process was disclosed by Wan et al., J. Immunol. Meth. 

103 :121-129 (1987), and Furmanski et al. in U.S. Patent No. 4,914,022, in which cores of paraffin 
embedded tissue were obtained from standard tissue blocks. The cores were softened and 
straightened by manually rolling them on a warm surface, and then bundled inside a conventional 
drinking straw. This method was said to be suitable for simultaneous histologic testing of multiple 
10 tissue specimens, for example in the characterization of monoclonal antibodies. The technique of 
Miller and Groothuis, A.J.C.P. 96:228-232 (1991) similarly rolled tissue strips into "logs" from 
which transverse sections were taken to be embedded in paraffin. The straw and log techniques, 
however, were labor intensive, required a high degree of manual dexterity, and also randomly 
arranged the samples in a manner that complicated the identification of specimens of interest. 
15 Battifora and Mehta, Lab. Invest. 63:722-724 (1990), and U.S. Patent No. 5,002,377, 

attempted to overcome some of the problems of random placement by cutting specimens into a 
plurality of narrow strips, which were individually positioned in parallel rectangular grooves in a 
mold. The tissue strips were embedded in agar gel that was poured into the grooves to produce a 
plate-like member with a series of ridges. Several of the ridged plates were stacked together and 
20 embedded in paraffin to form a tissue block. A similar approach was proposed by Sundblad, 

A.J.C.P. 102:192-193 (1993), in which the tissue strips were placed in triangular wedges instead of 
rectangular grooves. Slicing the tissue, assembling it into rows, and embedding it in several steps to 
form the block was a time-consuming method that reduced the efficiency of examining a large 

number of tissue specimens. 
25 All of these techniques have been inadequate for the efficient preparation of an array 

of tissue specimens that can be used for rapid parallel analysis of a variety of independent molecular 
markers. This inefficiency has been a significant problem in fields such as cancer research, because 
cancer development and progression is a multi-step process that involves sequential losses, 
rearrangements and amplifications of several chromosomal regions and multiple genes. These events 
30 lead to a dysregulation of critical signal transduction pathways for cell growth, death, and 

differentiation. The details of this complex process remain incompletely understood, partly because 
high-throughput strategies and techniques for analyzing such genetic changes in large numbers of 
uncultured human tumors have not been available. 

For example, simultaneous analysis of several genes within the same or related signal 
35 transduction pathways may be necessary to pinpoint critical, rate-limiting steps in the dysregulation 
of cancer cell growth. Furthermore, analysis of structural and numerical changes affecting several 
chromosomes, loci and genes at the same time may be needed to understand the patterns of 
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accumulation of genetic changes in different stages of the cancer progression. Finally after novel 
genes and genetic changes of potential importance in cancer have been identified, substantial 
additional research is usually required to determine the diagnostic, prognostic and therapeutic 
significance of these molecular markers in clinical oncology. 

5 Since the amount of tissue often becomes rate limiting for such studies, the ability to 

efficiently procure, fix, store and distribute tissue for molecular analysis in a manner that minimizes 
consumption of often unique, precious tumor specimens is important. It is therefore an object of this 
invention to perform large-scale molecular profiling of tissue specimens (such as tumors) with 
minimal tissue requirements, in a manner that allows rapid parallel analysis of molecular 

10 characteristics (such as gene dosage and expression) from hundreds of morphologically controlled 
tumor specimens. 

SUMMARY OF THE INVENTION 

The foregoing objects are achieved by a method of parallel analysis of tissue 
15 specimens, in which a plurality of donor specimens are placed in assigned locations in a recipient 

array, and a plurality of sections are obtained from the recipient array so that each section contains a 
plurality of donor specimens that maintain their assigned locations. A different histological analysis 
is performed on each section, to determine if there are correlations between the results of the 
different analyses at corresponding locations of the array. In particular embodiments, the donor 
20 specimen is obtained by boring an elongated sample, such as a cylindrical core, from donor tissue, 
and placing the donor specimen in a receptacle of complementary shape, such as a cylindrical core, 
in the recipient array. Analyses that may be performed on the donor specimens include 
immunological analysis, nucleic acid hybridization, and clinicopathological characterization of the 
specimen. 

25 in a more particular embodiment of the method, a recipient block is formed from a 

rigid embedding medium such as paraffin that can be cut with a punch or microtome, and a separate 
donor block is also formed by embedding a biological specimen in the embedding medium. 
Cylindrical receptacle cores are bored in the recipient block to form an array of receptacles at fixed 
positions, and cylindrical donor sample cores are obtained from the embedded biological specimen in 

30 the donor block. The donor sample cores are then placed in the cylindrical receptacles at assigned 
locations in the array, and the recipient block is sliced to obtain a cross-section of the donor sample 
cores in the array, without disrupting the assigned array locations. A different histological analysis 
may be performed on each section, for example by using different monoclonal antibodies that 
recognize distinct antigens, or a combination of antigenically distinct monoclonal antibodies and 
35 nucleic acid (e.g. RNA and DNA) probes on sequential sections. The result of each distinct 

histological analysis in each position of the array is compared, for example to determine if a tissue 
that expresses an estrogen receptor also has evidence that a particular oncogene has been activated. 
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in a more particular embodiment of the method, a recipient block is formed from a 
rigid embedding medium such as paraffin that can be cut with a punch or microtome, and a separate 
donor block is also formed by embedding a biological specimen in the embedding medium. 
Cylindrical receptacle cores are bored in the recipient block to form an array of receptacles at fixed 
5 positions and cylindrical donor sample cores are obtained from the embedded biological speamen .n 
the donor block. The donor sample cores are then placed in the cylindrical receptacles at assigned 
locations in the array, and the recipient block is sliced to obtain a cross-section of the donor sample 
cores in the array, without disrupting the assigned array locations. A different histological analysts 
may be performed on each section, for example by using different monoclonal ant.bod.es that 
,0 recognize distinct antigens, or a combination of antigenica.ly distinct monoclonal antibodies and 
nucleic acid (e.g. RNA and DNA) probes on sequential sections. The result of each distinct 
histological analysis in each position of the array is compared, for example to determine if a t.ssue 
that expresses an estrogen receptor also has evidence that a particular oncogene has been act.vated. 
The presence or absence of the estrogen receptor and oncogene can then be correlated with cl.mcal or 
15 pathological information about the tissue (such as the presence of metastatic disease or the 

histological grade of a tumor). This simultaneous parallel analysis of multiple specimens helps 
clarify the inter-relationship of multiple molecular and clinical characteristics of the tissue. 

The invention also includes a method of obtaining small elongated samples of t.ssue 
from a tissue specimen, such as a tumor, and subjecting the specimen to laboratory analysis, such as 
20 histological or molecular analysis. The elongated tissue sample can be taken from a reg.on of 

interest of the tissue specimen, and the size of the sample is small enough that the characters^ be.ng 
analyzed is substantially homogenous throughout the small sample. In a disclosed embodiment, the 
sample is a cylindrical samp.e punched from the t.ssue specimen, wherein the cylindrical specimen , 
about 1-4 mm long, and has a diameter of about 0.1-4 mm, for example about 0.3-2.0 mm. In 
25 specific embodiments, the cylinder diameter is less than about 1.0 mm, for example 0.6 mm. The 
sample is preferably preserved in a manner (such as ethanol fixation) that does not interfere w.th 
analysis of nucleic acids, and the sample can therefore be subjected to any type of molecular analys.s, 
such as any type of molecular analysis based on isolated DNA or RIM A. 

The invention also includes an apparatus for preparing specimens for parallel 
30 analysis of sections of biological material arrays. The apparatus includes a platform, a tissue donor 
block on the platform, and a punch that punches or bores a tissue specimen from the donor block. 
The platform can also carry a recipient block in which the punch forms an array of receptacles at 
selected positions. Each receptacle can be positioned so that a tissue specimen can be expelled from 
the reciprocal punch into the receptacle. An x-y positioning device incrementally moves the punch 
35 or recipient block with respect to one another as the punch reciprocates, to form the receptacle array. 
The x-y positioning device also aligns sequential receptacles otthe recipient block with the punch to 
deliver tissue specimens from the punch into the receptacle. A stylet may be introduced into the 
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punch to expel the contents of the punch, which may be either paraffin from the recipient block or 
tissue from the donor block. Regions of interest of the tissue specimen are located by positioning a 
thin section slide over the donor block, to align structures of interest in the thin section slide with 
corresponding tissue specimen regions in the donor block. 

The invention also includes a computer implemented system for parallel analysis of 
consecutive sections of tissue arrays, in which an x-y positioning platform moves a tray to a plurality 
of coordinates that correspond to positions in a recipient block array. A receptacle punch then 
punches a receptacle core from a recipient block on the positioning platform, and a stylet expels the 
receptacle core from the receptacle punch. A donor punch (which may be the same or separate from 
the recipient punch) punches a donor specimen from a donor block on the position.ng platform, and a 
stylet expels the donor specimen from the donor punch into the receptacle as the donor punch is 
introduced into the receptacle. The donor specimen suitably has a diameter that is substantially the 
same as the diameter of the receptacle, so that the donor specimen fits securely in the receptacle. The 
computer system identifies the tissue by its location in the recipient array, so that when the donor 
block is sectioned a corresponding position in each sectional array will contain tissue from the 

identical donor specimen. 

The foregoing and other objects, features, and advantages of the invention will 
become more apparent from the following detailed description of preferred embodiments which 
proceeds with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a first embodiment of the punch device of the 
present invention, showing alignment of the punch above a region of interest of donor tissue in a 
donor block. 

FIG. 2 is a view similar to FIG. 1 , but in which the punch has been advanced to obtain a 

donor specimen sample. 

FIG. 3 is a schematic, perspective view of a recipient block into which the donor specimen 

has been placed. 

FIGS. 4-8 illustrate steps in the preparation of thin section arrays from the recipient block. 
FIG. 9 is a perspective view of a locking device for holding a slide mounted specimen above 
the tissue in the donor block to locate a region of interest. 

FIG. 1 OA is a view of an H&E stained, thin section tissue array mounted on a slide for 

microscopic examination. 

FIG. 10B is a magnified view of a portion of the slide in FIG. 10A, showing results of 
erbB2 mRNA in situ hybridzation on a tissue array from the region in the small rectangle in FIG. 
10A. 
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FIG. 10C is an electrophoresis gel showing that high molecular weight DNA and RNA can 
be extracted from the breast cancer specimens. 

FIG. 10D is an enlarged view of one of the tissue samples of the array in FIG. 10A, showing 
an immunoperoxidase stain for the erbB2 antigen. 
5 FIG. 10E is a view similar to FIG. 10D, showing high level erbB2 gene amplification 

detected by fluorescent in situ hybridization (FISH) of tissue in the array by an erbB2 DNA probe. 

FIG, 1 1 is a schematic view illustrating an example of parallel analysis of arrays obtained by 
the method of the present invention. 

FIG. 12 is an enlarged view of a portion of FIG. 1 1 . 
10 FIG. 13 is a top view of a second embodiment of a device for forming the arrays of the 

present invention. 

FIG. 14 is a front view of the device shown in FIG. 13, illustrating the formation of a 
receptacle in a recipient block with a recipient punch. 

FIG. 15 is a view similar to FIG. 14, but showing expulsion of a plug from the recipient 

1 5 punch into a discard tray. 

FIG. 16 is a view showing a donor punch obtaining a tissue specimen from a donor block. 
FIG. 17 is a view showing insertion of the donor tissue into a receptacle of the recipient 

block. 

FIG. 18 is an enlarged view of the donor punch aligned above a structure of interest in the 
20 donor block, which is shown in cross-section. 

FIG. 19 is an enlarged cross-sectional view of the recipient punch, while FIG. 20 is a similar 
view of the donor punch, illustrating the relative cross-sectional diameters of the two punches. 

FIG. 21 is a cross-sectional view of the recipient block with the donor specimens arranged 
in the recipient array, and with lines of microtome sections of the recipient block being shown. 
25 FIG. 22 is a schematic view of a computer system in which the method of the present 

invention can be implemented. 

FIG. 23 is an algorithm illustrating an example of the computer implemented method of the 

present invention. 

30 DETAILED DESCRIPTION 

Embodiment of FIGS. 1-10 
A first embodiment of a device for making the microarrays of the present invention 
is shown in FIGS. 1-2, in which a donor block 30 is shown in a rectangular container 31 mounted on 
a stationary platform 32 having an L-shaped edge guide 34 that maintains donor container 31 in a 
35 predetermined orientation on platform 32. A punch apparatus 38 is mounted above platform 32, and 
includes a vertical guide plate 40 and a horizontal positioning plate 42. The positioning plate 42 is 
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mounted on an x-y stage (not shown) that can be precisely positioned with a pair of digital 
micrometers. 

Vertical guide plate 40 has a flat front face that provides a precision guide surface 
against which a reciprocal punch base 44 can slide along a track 46 between a retracted position 
5 shown in FIG. 1 and an extended position shown in FIG. 2. An elastic band 48 helps control the 

movement of base 44 along this path, and the limits of advancement and retraction of base 44 are set 
by track member 46, which forms a stop that limits the amplitude of oscillation of base 44. A thin 
wall stainless steel tube punch 50 with sharpened leading edges is mounted on the flat bottom face of 
base 44, so that punch 50 can be advanced and retracted with respect to platform 32, and the 
1 0 container 3 1 on the platform. The hollow interior of punch 50 is continuous with a cylindrical bore 
through base 44, and the bore opens at opening 5 1 on a horizontal lip 53 of base 44. 

FIG. 1 shows that a thin section of tissue can be obtained from donor block 30 and 
mounted on a slide 52 (with appropriate preparation and staining) so that anatomic and micro- 
anatomic structures of interest can be located in the block 30. Slide 52 can be held above donor 
1 5 block 30 by an articulated arm holder 54 (FIG. 9) with a clamp 56 which securely holds an edge of a 
transparent support slide 58. Arm holder 54 can articulate at joint 60, to swivel between a first 
position in which support slide 58 is locked in position above container 31, and a second position in 
which support slide 58 moves horizontally out of the position shown in FIG. 9 to permit free access 
to punch 50. 

20 In operation, the rectangular container 3 1 is placed on platform 32 (FIG. 1 ) with 

edges of container 3 1 abutting edge guides 34 to hold container 3 1 in a selected position. A donor 
block 30 is prepared by embedding a gross tissue specimen (such as a three dimensional tumor 
specimen 62) in paraffin. A thin section of donor block 30 is shaved off, stained, and mounted on 
slide 52 as thin section 64, and slide 52 is then placed on support slide 58 and positioned above donor 
25 block 30 as shown in FIG. 9. Slide 52 can be moved around on support slide 58 until the edges of 
thin section 64 are aligned with the edges of the gross pathological specimen 62, as shown by the 
dotted lines in FIG. 9. Arm 54 is then locked in the first position, to which the arm can subsequently 
return after displacement to a second position. 

A micro-anatomic or histologic structure of interest 66 can then be located by 
30 examining the thin section through a microscope (not shown). If the tissue specimen is, for example, 
an adenocarcinoma of the breast, then the location of interest 66 may be an area of the specimen in 
which the cellular architecture is suggestive of metaplasia (e.g. pyknotic nuclei, pleomorphism, 
invasiveness). Once the structure of interest 66 is located, the corresponding region of tissue 
specimen 62 from which the thin section structure of interest 66 was obtained is located immediately 
35 below the structure of interest 66. As shown in FIG. 1 , positioning plate 42 can be moved in the x 

and y directions (under the control of the digital micrometers or a joystick), or the donor block can be 
moved for larger distances, to align punch 50 in position above the region of interest of the donor 
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block 30, and the support slide 58 is then horizontally pivoted away from its position above donor 
block 30 around pivot joint 60 (FIG. 9). 

Punch 50 is then introduced into the structure of interest in donor block 30 (FIG. 2) 
by advancing vertical guide plate 40 along track 46 until plate 44 reaches its stop position (which is 
5 preset by apparatus 38). As punch 50 advances, its sharp leading edge bores a cylindrical tissue 
specimen out of the donor block 30, and the specimen is retained within the punch as the punch 
reciprocates back to its retracted position shown in FIG. 1 . The cylindrical tissue specimen can 
subsequently be dislodged from punch 50 by advancing a stylet (not shown) into opening 5 1 . The 
tissue specimen is, for example, dislodged from punch 50 and introduced into a cylindrical receptacle 
10 of complementary shape and size in an array of receptacles in a recipient block 70 shown in FIG. 3. 

One or more recipient blocks 70 can be prepared prior to obtaining the tissue 
specimen from the donor block 30. Block 70 can be prepared by placing a solid paraffin block in 
container 31 and using punch 50 to make cylindrical punches in block 70 in a regular pattern that 
produces an array of cylindrical receptacles of the type shown in FIG. 3. The regular array can be 
1 5 generated by positioning punch 50 at a starting point above block 70 (for example a comer of the 
prospective array), advancing and then retracting punch 50 to remove a cylindrical core from a 
specific coordinate on block 70, then dislodging the core from the punch by introducing a stylet into 
opening 51. The punch apparatus or the recipient block is then moved in a regular increments in the 
x and/or y directions, to the next coordinate of the array, and the punching step is repeated. In the 
20 specific disclosed embodiment of FIG. 3, the cylindrical receptacles of the array have diameters of 
about 0.6 mm, with the centers of the cylinders being spaced by a distance of about 0.7 mm (so that 
there is a distance of about 0.05 mm between the adjacent edges of the receptacles). 

In a specific example, core tissue biopsies having a diameter of 0.6 mm and a height 
of 3-4 mm, were taken from selected representative regions of individual "donor" paraffin-embedded 
25 tumor blocks and precisely arrayed into a new "recipient" paraffin block (20 mm x 45 mm). H&E- 
stained sections were positioned above the donor blocks and used to guide sampling from 
morphologically representative sites in the tumors. Although the diameter of the biopsy punch can 
be varied, 0.6 mm cylinders have been found to be suitable because they are large enough to evaluate 
histological patterns in each element of the tumor array, yet are sufficiently small to cause only 
30 minimal damage to the original donor tissue blocks, and to isolate reasonably homogenous tissue 

blocks. Up to 1000 such tissue cylinders can be placed in one 20 x 45 mm recipient paraffin block. 
Specific disclosed diameters of the cylinders are 0.1-4.0 mm, for example 0.5-2.0 mm, and most 
specifically less than 1 mm, for example 0.6 mm. Automation of the procedure, with computer 
guided placement of the specimens, allows very small specimens to be placed tightly together in the 
35 recipient array. 

FIG. 4 shows the array in the recipient block after the receptacles of the array have 
been filled with tissue specimen cylinders. The top surface of the recipient block is then covered 
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with an adhesive film 74 from an adhesive coated tape sectioning system (Instrumedics) to help 
maintain the tissue cylinder sections in place in the array once it is cut. With the adhesive film in 
place, a 4-8 ixxn section of the recipient block is cut transverse to the longitudinal axis of the tissue 
cylinders (FIG. 5) to produce a thin microarray section 76 (containing tissue specimen cylinder 
5 sections in the form of disks) that is transferred to a conventional specimen slide 78. The microarray 
section 76 is adhered to slide 78, for example by adhesive on the slide. The film 74 is then peeled 
away from the underlying microarray member 76 to expose it for processing. A darkened edge 80 of 
slide 78 is suitable for labeling or handling the slide. 

A breast cancer tissue specimen was fixed in cold ethanol to help preserve high- 
10 molecular weight DNA and RMA, and 372 of the specimens were fixed in this manner. At least 200 
consecutive 4-8 /um tumor array sections can be cut from each block providing targets for correlated 
in situ analyses of copy number or expression of multiple genes. This analysis is performed by 
testing for different gene amplifications in separate array sections, and comparing the results of the 
tests at identical coordinates of the array (which correspond to tissue specimens from the same tissue 
1 5 cylinder obtained from donor block). This approach enables measurement of virtually hundreds of 
molecular characteristics from every tumor, thereby facilitating construction of a large series of 
correlated genotypic or phenotypic characteristics of uncultured human tumors. 

An example of a single microarray 76 containing 645 specimens is shown in FIG. 
10A. An enlarged section of the microarray (highlighted by a rectangle in FIG. 10A) is shown in 
20 FIG. 10B, in which an autoradiogram of erbB2 mRMA in situ hybridization illustrates that two 
adjacent specimens in the array demonstrate a strong hybridization signal. FIG. 1 0C illustrates 
electrophoresis gels which demonstrate that high molecular weight DNA and RNA can be extracted 
from breast cancer specimens fixed in ethanol at 4°C overnight in a vacuum oven. 

One of the tissue specimens that gave the fluorescent "positive" signals was also 
25 analyzed by immunoperoxidase staining, as shown in FIG. 10D, where it was confirmed (by the dark 
stain) that the erbB2 gene product was present. A DNA probe for the erbB2 gene was used to 
perform fluorescent in situ hybridization (FISH). Fig. 10D shows one of the tumor array elements, 
which demonstrated high level erbB2 gene amplification. The insert in FIG. 10E shows three nuclei 
with numerous tightly clustered erbB2 hybridization signals and two copies of the centromeric 
30 reference probe. Additional details about these assays are given in Examples 1-4 below. 

The potential of the array technology of the present invention to perform rapid 
parallel molecular analysis of multiple tissue specimens is illustrated in FIG. 11, where the y-axis of 
the graphs corresponds to percentages of tumors in specific groups that have defined 
clinicopathological or molecular characteristics. This diagram shows correlations between clinical 
35 and histopathological characteristics of the tissue specimens in the micro-array. Each small box in 
the aligned rows of FIG. 1 1 B represents a coordinate location in the array. Corresponding 
coordinates of consecutive thin sections of the recipient block are vertically aligned above one 
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another in the horizontally extending rows. These results show that the tissue specimens could be 
classified into four classifications of tumors (FIG. 1 1 A) based on the presence or absence of cell 
membrane estrogen receptor expression, and the presence or absence of the p53 mutation in the 
cellular DNA. In FIG. 1 IB, the presence of the p53 mutation is shown by a darkened box, while the 
5 presence of estrogen receptors is also shown by a darkened box. Categorization into each of four 
groups (ER-/p53+, ER-/p53-, ER+/p53+ and ER+/p53-) is shown by the dotted lines between FIGS. 
1 1 A and 1 IB, which divide the categories into Groups 1, II, III and IV corresponding to the ER/p53 
status. 

FIG. 1 IB also shows clinical characteristics that were associated with the tissue at 
10 each respective coordinate of the array. A darkened box for Age indicates that the patient is 

premenopausal, a darkened box N indicates the presence of metastatic disease in the regional lymph 
nodes, a darkened box T indicates a stage 3 or 4 tumor which is more clinically advanced, and a 
darkened box for grade indicates a high grade (at least grade III) tumor, which is associated with 
increased malignancy. The correlation of ER/p53 status can be performed by comparing the top four 
15 lines of clinical indicator boxes (Age, N, T, Grade) with the middle two lines of boxes (ER/p53 

status). The results of this cross correlation are shown in the bar graph of FIG. 1 1 A, where it can be 
seen that ER-/p53+ (Group 1) tumors tend to be of higher grade than the other tumors, and had a 
particularly high frequency of myc amplification, while ER+/p53+ (Group III) tumors were more 
likely to have positive nodes at the time of surgical resection. The ER-/ P 53- (Group II) showed that 
20 the most common gene amplified in that group was erbB2. ER-/p53- (Group II) and ER+/p53- 
(Group IV) tumors, in contrast, were shown to have fewer indicators of severe disease, thus 
suggesting a correlation between the absence of the p53 mutation and a better prognosis. 

This method was also used to analyze the copy numbers of several other major breast 
cancer oncogenes in the 372 arrayed primary breast cancer specimens in consecutive FISH 
25 experiments, and those results were used to ascertain correlations between the ER/p53 classifications 
and the expression of these other oncogenes. These results were obtained by using probes for each of 
the separate oncogenes, in successive sections of the recipient block, and comparing the results at 
corresponding coordinates of the array. In FIG. 1 IB, a positive result for the amplification of the 
specific oncogene or marker (mybL2, 20ql3, 17q23, myc, cndl and erbB2) is indicated by a 
30 darkened box. The erbB2 oncogene was amplified in 1 8% of the 3 72 arrayed specimens, myc in 
25% and cyclin Dl (cndl) in 24% of the tumors. 

The two recently discovered novel regions of frequent DNA amplification in breast 
cancer, 17q23 and 20ql3, were found to be amplified in 13% and 6% of the tumors, respectively. 
The oncogene mybL2 (which was recently localized to 20ql3. 1 and found to be overexpressed in 
35 breast cancer cell lines) was found to be amplified in 7% of the same set of tumors. MybL2 was 

amplified in tumors with normal copy number of the main 20ql3 locus, indicating that it may define 
an independently selected region of amplification at 20q. Dotted lines between FIGS. 1 IB and 1 1C 
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again divide the complex co-amplification patterns of these genes into Groups I-IV which correspond 
to ER-/p53+ , ER-/p53-, ER+/p53+ and ER+/p53-. 

FIGS. 11C and 1 ID show that 70% of the ER-/p53+ specimens were positive for one 
or more of these oncogenes, and that myc was the predominant oncogene amplified in this group. In 
5 contrast, only 43% of the specimens in the ER+/p53- group showed co-amplification of one of these 
oncogenes, and this information could in turn be correlated with the clinical parameters shown in 
FIG. 1 1 A. Hence the microarray technology permits a large number of tumor specimens to be 
conveniently and rapidly screened for these many characteristics, and analyzed for patterns of gene 
expression that may be related to the clinical presentation of the patient and the molecular evolution 
10 of the disease. In the absence of the microarray technology of the present invention, these 
correlations are more difficult to obtain. 

A specific method of obtaining these correlations is illustrated in FIG. 12, which is 
an enlargement of the right hand portion of FIG. 1 IB. The microarray 76 (FIG. 10A) is arranged in 
sections that contain seventeen rows and nine columns of circular locations that correspond to cross- 
15 sections of cylindrical tissue specimens from different tumors, wherein each location in the 

microarray can be represented by the coordinates (row, column). For example, the specimens in the 
first row of the first section have coordinate positions (1,1), (1,2). . . (1,9), and the specimens in the 
second row have coordinate positions (2,1), (2,2). . . (2,9). Each of these array coordinates can be 
used to locate tissue specimens from corresponding positions on sequential sections of the recipient 
20 block, to identify tissue specimens of the array that were cut from the same tissue cylinder. 

As shown in FIG. 12, the rectangular array is converted into a linear representation in 
which each box of the linear representation corresponds to a coordinate position of the array. Each 
of the lines of boxes is aligned so that each box that corresponds to an identical array coordinate 
position is located above other boxes from the same coordinate position. Hence the boxes connected 
25 by dotted line 1 correspond to the results that can be obtained by looking at the results at coordinate 
position (1,1) in successive thin sections of the donor block, or clinical data that may not have been 
obtained from the microarray, but which can be entered into the system to further identify tissue from 
a tumor that corresponds to that coordinate position. Similarly, the boxes connected by dotted line 
10 correspond to the results that can be found at coordinate position (2,1) of the array, and the boxes 
30 connected by dotted line 1 5 correspond to the results at coordinate position (2,6) of the array. The 
letters a, b, c, d, e, f, g, and h correspond to sucessive sections of the donor block that are cut to form 
the array. 

By comparing the aligned boxes along line 1 in FIG. 12, it can be seen that a tumor 
was obtained from a postmenopausal woman with no metastatic disease in her lymph nodes at the 
35 time of surgical resection, in which the tumor was less than stage 3, but in which the histology of the 
tumor was at least Grade III. A tissue block was taken from this tumor and introduced into the 
recipient array at coordinate position (1 ,1), and once the array was completed it was sectioned into 
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eight parallel sections (a, b, c, d, e, f, g, and h) each of which contained a representative section of the 
cylindrical array. Each of these sections was analyzed with a different probe specific for a particular 
molecular attribute. In section a, the results indicated that this tissue specimen was p53+; in section b 
that it was ER-; in section c that it did not show amplification of the mybL2 oncogene; in separate 
5 sections d, e, f, g and h that it was positive for the amplification of 20ql 3, 1 7q23, myc, cndl and 
erbB2. 

Similar comparisons of molecular characteristics of the tumor specimen cylinder that 
was placed at coordinate position (2,1) can be made by following vertical line 10 in FIG. 12, which 
connects the tenth box in each line, and corresponds to the second row, first column (2,1) of the array 
10 76 in FIG. 10(A). Similarly the characteristics of the sections of the tumor specimen cylinder at 

coordinate position (2,6) can be analyzed by following vertical line IS down through the 15 th box of 
each row. In this manner, parallel information about the separate sections of the array can be 
performed for all 372 positions of the array. This information can be presented visually for analysis 
as in FIG. 12, or entered into a database for analysis and correlation of different molecular 
15 characteristics (such as patterns of oncogene amplification, and the correspondence of those patterns 
of amplification to clinical presentation of the tumor). 

Analysis of consecutive sections from the arrays enables co-localization of hundreds 
of different DMA, RNA or protein targets in the same cell populations in morphologically defined 
regions of every tumor, which facilitates construction of a database of a large number of correlated 
20 genotypic or phenotypic characteristics of uncultured human tumors. Scoring of mRNA in situ 
hybridizations or protein immunohistochemical staining is also facilitated with tumor tissue 
microarrays, because small amounts of the identical reagents are used for each analysis. The tumor 
arrays also substantially reduce tissue consumption, reagent use, and workload when compared with 
processing individual conventional specimens for sectioning, staining and scoring. The combined 
25 analysis of several DMA, RNA and protein targets provides a powerful means for stratification of 
tumor specimens by virtue of their molecular characteristics. Such patterns wil be helpful to detect 
previously unappreciated but important molecular features of the tumors that may turn out to have 

diagnostic or prognostic utility. 

These results show that the very small cylinders used to prepare tissue arrays can in 

30 most cases provide accurate information, especially when the site for tissue sampling from the donor 
block is selected to contain histological structures that are most representative of tumor regions. It is 
also possible to collect samples from multiple histologically defined regions in a single donor tissue 
block to obtain a more comprehensive representation of the original tissue, and to directly analyze 
the correlation between phenotype (tissue morphology) and genotype. For example, an array could 

35 be constructed to include hundreds of tissues representing different stages of breast cancer 

progression (e.g. normal tissue, hyperplasia, atypical hyperplasia, intraductal cancer, invasive and 



PCT/US99/04001 

WO 99/44063 ^ 

- 13 - 

metastatic cancer). The tissue array technology would then be used to analyze the molecular events 
that correspond to tumor progression. 

A tighter packing of cylinders, and a larger recipient block can also provide an even 
higher number of specimens per array. Entire archives from pathology laboratories could be placed 
5 in replicate 1000 specimen tissue microarrays for molecular profiling. Using automation of the 
procedure for sampling and arraying, it is possible to make dozens of replicate tumor arrays, each 
providing hundreds of sections for molecular analyses. The same strategy and instrumentation 
developed for tumor arrays also enables microdissection of tissue cylinders for isolation of high- 
molecular weight RNA and DNA from optimally fixed, morphologically defined tumor tissue 
10 elements, thereby allowing correlated analysis of the same tumors by PCR-based techniques for RNA 
and DNA. When nucleic acid analysis is planned, the tissue specimen is preferably fixed (before 
embedding in paraffin) in ethanol or Molecular Biology Fixative (Streck Laboratories, Inc., Omaha, 
NE) instead of in formalin, because formalin can cross-link and otherwise damage nucleic acid. The 
tissue cylinder of the present invention provides an ample amount of DNA or RNA on which to 
1 5 perform a variety of molecular analyses. 

The potential of this array technology has been illustrated in FISH analysis of gene 
amplifications in breast cancer. FISH is an excellent method for visualization and accurate detection 
of genetic rearrangements (amplifications, deletions or translocations) in individual, morphologically 
defined cells. The combined tumor array technology allows FISH to become a powerful, high- 
20 throughput method that permits the analysis of hundreds of specimens per day. 

Embodiment of FIGS. 13-23 
An example of an automated system for high speed preparation of the microarrays is 
shown in FIGS. 13-23. The system includes a stage 100 having an x drive 102 and a y drive 104, 
each of which respectively rotates a drive shaft 106, 108. The shaft 108 moves a specimen bench 
25 1 10 in a y direction, while the shaft 106 moves a tray 1 12 on the bench 1 10 in an x direction. 

Mounted in a front row of tray 1 12 are three recipient containers 1 16, 1 18 and 120, each of which 
contains a recipient paraffin block 122, 124 or 126, and a donor container 128 that contains a donor 
paraffin block 130, in which is embedded a tissue specimen 132. In a back row on the tray are two 
multi-well donor trays 132, 134 (which contain multiple containers for maintaining specimens in 
30 liquid medium), and a discard container 136. 

Disposed above stage 100 is a punch apparatus 140 that can move up and down in a 
z direction. Apparatus 140 includes a central, vertically disposed, stylet drive 142 in which 
reciprocates a stylet 144. Apparatus 140 also includes an inclined recipient punch drive 146, and a 
inclined donor punch drive 148. Punch drive 146 includes a reciprocal ram 1 50 that carries a tubular 
35 recipient punch 1 54 at its distal end, and punch drive 148 includes a reciprocal ram 1 52 that carries a 
donor tubular punch 1 56 at its distal end. When the ram 1 50 is extended (FIG . 1 4), recipient punch 
154 is positioned with the open top of its tubular bore aligned with stylet 144, and when ram 152 is 
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extended (FIG. 1 6), donor punch 1 56 is positioned with the open top of its tubular bore aligned with 
stylet 144. 

The sequential operation of the apparatus 140 is shown in FIGS. 13-17. Once the 
device is assembled as in FIG. 13, a computer system can be used to operate the apparatus to achieve 
high efficiency. Hence the computer system can initialize itself by determining the location of the 
containers on tray 1 12 shown in FIG. 13. The x and y drives 102, 104 are then activated to move 
bench 1 10 and tray 1 12 to the position shown in FIG. 14, so that activation of ram 1 50 extends 
recipient punch 154 to a position above position (1,1) in the recipient block 122. Once punch 154 is 
in position, apparatus moves downward in the z direction to punch a cylindrical bore in the paraffin 
of the recipient block. The apparatus 140 then moves upwardly in the z direction to raise punch 154 
out of the paraffin recipient block 122, but the punch 154 retains a core of paraffin that leaves a 
cylindrical receptacle in the recipient block 122. The x-y drives are then activated to move bench 
1 1 0 and position discard container 1 36 below punch 1 54. Stylet drive 142 is then activated to 
advance stylet 144 into the open top of the aligned punch 154, to dislodge the paraffin core from 
15 punch 154 and into discard container 136. 

Stylet 144 is retracted from recipient punch 154, ram 150 is retracted, and the x-y 
drive moves bench 1 10 and tray 1 12 to place donor container 128 is a position (shown in FIG. 16) 
such that advancement of ram 152 advances donor punch 156 to a desired location over the donor 
block 130. Apparatus 140 is then moved down in the z direction to punch a cylindrical core of tissue 
20 out of the donor block 1 30, and apparatus 1 40 is then moved in the z direction to withdraw donor 
punch 156, with the cylindrical tissue specimen retained in the punch. The x-y drive then moves 
bench 1 10 and tray 112 to the position shown in FIG. 17, such that movement of apparatus 140 
downwardly in the z direction advances donor punch 156 into the receptacle at the coordinate 
position (1,1) in block 122 from which the recipient plug has been removed. Donor punch 156 is 
25 aligned below stylet 1 44, and the stylet is advanced to dislodge the retained tissue cylinder from 
donor punch 156, so that the donor tissue cylinder remains in the receptacle of the recipient block 
122 as the apparatus 140 moves up in the z direction to retract donor punch 156 from the recipient 
array. Ram 152 is then retracted. 

This process can be repeated until a desired number of recipient receptacles have 
30 been formed and filled with cylindrical donor tissues at the desired coordinate locations of the array. 
Although this illustrated method shows sequential alternating formation of each receptacle, and 
introduction of the tissue cylinder into the formed receptacle, it is also possible to form all the 
receptacles in recipient blocks 122, 124 and 126 as an initial step, and then move to the step of 
obtaining the tissue specimens and introducing them into the preformed receptacles. The same tissue 
35 specimen 132 can be repeatedly used, or the specimen 132 can be changed after each donor tissue 
specimen is obtained, by introducing a new donor block 130 into container 128. If the donor block 
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130 is changed after each tissue cylinder is obtained, each coordinate of the array can include tissue 

from a different tissue specimen. 

A positioning device is shown in FIG. 18, which helps locate structures of interest 
from which donor specimens can be taken. The positioning device includes a support slide 160 that 
5 extends between opposing walls of donor container 128, to support a specimen slide 1 62 on which is 
mounted a thin stained section of the specimen 132 in donor block 130. Using a microscope 
mounted on apparatus 140 (the objective of the microscope is shown at 166), microanatomic 
structures of interest can be found. The correct vertical height of apparatus 140 above the top surface 
of donor block 130 can be determined by the use of two positioning lights 168, 170 that are mounted 
10 to apparatus 140. Light beams 172, 174 are projected from lights 168, 170 at an angle such that the 
beams coincide at a single spot 1 76 when vertical height of apparatus 1 40 above the top surface of 
the light is at a desired z level. This desired z level will position the punches 152, 154 at an 
appropriate height to penetrate the surface of block 1 30 at the desired location, and to a desired 
depth. 

15 it is advantageous if the tissue cylinders punched from block 1 30 fit securely in the 

recipient receptacles that are formed to receive them. If the donor punch 156 has the same inner and 
outer diameters as the recipient punch 154, then the cylindrical donor tissue specimen will be formed 
by the inner diameter of the punch, and the recipient receptacle will be formed by the outer diameter 
of the punch. This discrepancy will provide a receptacle that is slightly larger in diameter than the 
20 donor tissue cylinder. Hence, as shown in FIGS. 1 9 and 20, the recipient punch 1 54 preferably has a 
smaller diameter than the donor punch 156. Recipient punch will therefore form a cylindrical 
receptacle (having a diameter corresponding to the outer diameter of punch 154) that is substantially 
the same diameter as the tissue specimen cylinder 1 80, which is formed with a diameter that is 
determined by the inner diameter of the donor punch 156. 
25 FIG . 2 1 illustrates a cross-section through the recipient array, once the receptacles 

1 82 have been formed and filled with tissue specimen cylinders 1 80. Small partitions of paraffin 
material 122 separate tissue cylinders 180, and the receptacles 182 as illustrated are deeper than the 
specimen cylinders 180, such that a small clearance is present between the specimen and the bottom 
of the receptacles. Once the array has been formed, a microtome can be used to cut a thin section S 
30 off the top of the block 122, so that the section S can be mounted on a specimen slide 162 (FIG. 18) 
to help locate structures of interest in the tissue specimen 1 32. The microtome then also cuts thin 
parallel sections a, b, c, d, e, f, g, and h that can each be subjected to a different molecular analysis, 
as already described. 

Exemplary Operating Environment 

- 35 FIG. 22 and the following discussion are intended to provide a brief, general 

description of a suitable computing environment in which the invention may be implemented. The 
invention is implemented in a variety of program modules. Generally, program modules include 
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routines, programs, components, data structures, etc. that perform particular tasks or implement 
particular abstract data types. The invention may be practiced with other computer system 
configurations, including hand-held devices, multiprocessor systems, microprocessor-based or 
programmable consumer electronics, minicomputers, mainframe computers, and the like. The 
5 invention may also be practiced in distributed computing environments where tasks are performed by 
remote processing devices that are linked through a communications network. In a distributed 
computing environment, program modules may be located in both local and remote memory storage 
devices. 

Referring to FIG. 22, an operating environment for an illustrated embodiment of the 
1 0 present invention is a computer system 220 with a computer 222 that comprises at least one high 
speed processing unit (CPU) 224, in conjunction with a memory system 226, an input device 228, 
and an output device 230. These elements are interconnected by at least one bus structure 232. 

The illustrated CPU 224 is of familiar design and includes an ALU 234 for 
performing computations, a collection of registers 236 for temporary storage of data and instructions, 
15 and a control unit 238 for controlling operation of the system 220. The CPU 224 may be a processor 
having any of a variety of architectures including Alpha from Digital; MIPS from MIPS Technology, 
NEC, IDT, Siemens and others; x86 from Intel and others, including Cyrix, AMD, and Nexgen; 
680x0 from Motorola; and PowerPC from IBM and Motorola, 

The memory system 226 generally includes high-speed main memory 240 in the 
20 form of a medium such as random access memory (RAM) and read only memory (ROM) 

semiconductor devices, and secondary storage 242 in the form of long term storage mediums such as 
floppy disks, hard disks, tape, CD-ROM, flash memory, etc. and other devices that store data using 
electrical, magnetic, optical or other recording media. The main memory 240 also can include video 
display memory for displaying images through a display device. Those skilled in the art will 
25 recognize that the memory 226 can comprise a variety of alternative components having a variety of 
storage capacities. 

The input and output devices 228, 230 also are familiar. The input device 228 can 
comprise a keyboard, a mouse, a scanner, a camera, a capture card, a limit switch (such as home, 
safety or state switches), a physical transducer (e.g., a microphone), etc. The output device 230 can 
30 comprise a display, a printer, a motor driver, a solenois, a transducer (e.g., a speaker), etc. Some 
devices, such as a network interface or a modem, can be used as input and/or output devices. 

As is familiar to those skilled in the art, the computer system 220 further includes an 
operating system and at least one application program. The operating system is the set of software 
which controls the computer system's operation and the allocation of resources. The application 
3 5 program is the set of software that performs a task desired by the user, using computer resources 
made available through the operating system. Both are resident in the illustrated memory system 
226. 
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For example, the invention could be implemented with a Power Macintosh 8500 
available from Apple Computer, or an IBM compatible Personal Computer (PC). The Power 
Macintosh uses a PowerPC 604 CPU from Motorola and runs a MacOS operating system from Apple 
Computer such as System 8. input and output devices can be interfaced with the CPU using the well- 
5 known SCSI interface or with expansion cards using the Peripheral Component Interconnect (PCI) 
bus. A typical configuration of a Power Macintosh 8500 has 72 megabytes of RAM for high-speed 
main memory and a 2 gigabyte hard disk for secondary storage. An IBM compatible PC could have 
a configuration with 32 megabytes of RAM for high-speed main memory and a 2-4 gigabyte hard 
disk for secondary storage. 
10 In accordance with the practices of persons skilled in the art of computer 

programming, the present invention is described with reference to acts and symbolic representations 
of operations that are performed by the computer system 220, unless indicated otherwise. Such acts 
and operations are sometimes referred to as being computer-executed. It will be appreciated that the 
acts and symbolically represented operations include the manipulation by the CPU 224 of electrical 
15 signals representing data bits which causes a resulting transformation or reduction of the electrical 
signal representation, and the maintenance of data bits at memory locations in the memory system 
226 to thereby reconfigure or otherwise alter the computer system's operation, as well as other 
processing of signals. The memory locations where data bits are maintained are physical locations 
that have particular electrical, magnetic, or optical properties corresponding to the data bits. 
20 Description of Computer-Array System 

A block diagram showing a system for carrying out the invention is shown at FIG. 
23. The hardware is initialized at step 250, for example by determining the position of the punches 
154, 156, bench 1 10, and tray 1 12. The system may then be configured by the operator at step 252, 
for example by entering data or prompting the system to find the location (x, y, z coordinates) of the 
25 upper right corner of each recipient block 122-126, as well as the locations of trays 130-1 36. The 
number of donor blocks, receptacles, operating speed, etc. may also be entered at this time. 

At step 254, the system prompts for entry of identifying information about the first 
donor block 130 that will be placed in tray 128. This identifying information can include accession 
number information, clinical information about the specimen, and any/or other information that 
30 would be useful in analyzing the tumor arrays. At step 256, the operator pushes a select function 

button, which raises the punches 154, 156 and enables a joystick to move the specimens using the x-y 
drives. The entered data is displayed at step 258, and approved at 260. 

The system then obtains one or more donor specimens from the identified donor 
block at step 262, and prompts the user for entry of information about the next donor block. If 
35 information about another block is entered, the system returns to step 256 and obtains the desired 
number of specimens from the new block. After a new donor block has been placed in donor 
container 128, the system also checks the position of the punches at step 268. If information about 
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another block is not entered at step 264, the system moves the donor tray to the reloading position so 
that a block 130 in the donor tray can be removed. This system is also adaptable to sampling 
cylindrical biopsies from histologically controlled sites of specimens (such as tumors) for DNA/RMA 
isolation. 

5 The automated tumor array technology easily allows testing of dozens or hundreds of 

markers from the same set of tumors. These studies can be carried out in a multi-center setting by 
sending replicate tumor array blocks or sections to other laboratories. The same approach would be 
particularly valuable for testing newly discovered molecular markers for their diagnostic, prognostic 
or therapeutic utility. The tissue array technology also facilitates basic cancer research by providing 

10 a platform for rapid profiling of hundreds or thousands of tumors at the DNA, RNA and protein 
levels, leading to a construction of a correlated database of biomarkers from a large collection of 
tumors. For example, search for amplification target genes requires correlated analyses of 
amplification and expression of dozens of candidate genes and loci in the same cell populations. 
Such extensive molecular analyses of a defined large series of tumors would be difficult to carry out 

15 with conventional technologies. 

Examples of Array Technology 

Applications of the tissue array technology are not limited to studies of cancer, 
although the following Examples 1 -4 disclose embodiments of its use in connection with analysis of 
neoplasms. Array analysis could also be instrumental in understanding expression and dosage of 
20 multiple genes in other diseases, as well as in normal human or animal tissues, including repositories 
of tissues from different transgenic animals or cultured cells. The following specific examples 
illustrate some particular embodiments of the invention. 

EXAMPLE 1 
Tissue Specimens 

25 A total of 645 breast cancer specimens were used for construction of a breast cancer 

tumor tissue microarray. The samples included 372 fresh-frozen ethanol-fixed tumors, as well as 273 
formalin-fixed breast cancers, normal tissues and fixation controls. The subset of frozen breast cancer 
samples was selected at random from the tumor bank of the institute of Pathology, University of 
Basel, which includes more than 1 500 frozen breast cancers obtained by surgical resections during 

30 1986-1997. Only the tumors from this tumor bank were used for molecular analyses. This subset 

was reviewed by a pathologist, who determined that the specimens included 259 ductal, 52 lobular, 9 
medullary, 6 mucinous, 3 cribriform, 3 tubular, 2 papillary, 1 histiocytic, 1 clear cell, and 1 lipid rich 
carcinoma. There were also 15 ductal carcinomas in situ, 2 carcinosarcomas, 4 primary carcinomas 
that had received chemotherapy before surgery, 8 recurrent tumors and 6 metastases. Histological 
35 grading was only performed in invasive primary tumors that had not undergone previous 

chemotherapy. Of these tumors, 24% were grade 1, 40% grade-±rand 36% grade 3. The pT stage 
was pTl in 29%, pT2 in 54%, pT3 in 9%, and pT4 in 8%. Axillary lymph nodes had been examined 
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in 282 patients (45% pNO, 46% pN 1 , 9% pN2). All previously unfixed tumors were fixed in cold 
ethanol at +4°C overnight and then embedded in paraffin. 

EXAMPLE 2 
Immunohistochemistry 

5 After formation of the array and sectioning of the donor block, standard indirect 

immunoperoxidase procedures were used for immunohistochemistry (ABC-Elite, Vector 
Laboratories). Monoclonal antibodies from DAKO (Glostrup, Denmark) were used for detection of 
p53 (DO-7, mouse, 1:200), erbB-2 (c-erbB-2, rabbit, 1:4000), and estrogen receptor (ER IDS, mouse, 
1 :400). A microwave pretreatment was performed for p53 (30 minutes at 90°) and erbB-2 antigen 
1 0 (60 minutes at 90°) retrieval. Diaminobenzidine was used as a chromogen. Tumors with known 
positivity were used as positive controls. The primary antibody was omitted for negative controls. 
Tumors were considered positive for ER or p53 if an unequivocal nuclear positivity was seen in at 
least 10% of tumor cells. The erbB-2 staining was subjectively graded into 3 groups: negative (no 
staining), weakly positive (weak membranous positivity), strongly positive (strong membranous 
15 positivity). 

EXAMPLE 3 
Fluorescent In Situ Hybridization (FISH) 

Two-color FISH hybridizations were performed using Spectrum-Orange labeled 
cyclin Dl, myc or erbB2 probes together with corresponding FITC labeled centromeric reference 
20 probes (Vysis). One-color FISH hybridizations were done with spectrum orange-labeled 20ql3 

minimal common region (Vysis, and see Tanner et aL, Cancer Res, 54:4257-4260 (1994)), mybL2 
and 17q23 probes (Barlund et ah, Genes Chrom. Cancer 20:372-376 (1997)). Before hybridization, 
tumor array sections were deparaffinized, air dried and dehydrated in 70, 85 and 100 % ethanol 
followed by denaturation for 5 minutes at 74°C in 70 % formamide-2 X SSC solution. The 
25 hybridization mixture contained 30 ng of each of the probes and 15 of human Cotl -DNA. After 
overnight hybridization at 37 °C in a humidified chamber, slides were washed and counterstained 
with 0.2 mM DAPI in an antifade solution. FISH signals were scored with a Zeiss fluorescence 
microscope equipped with double-band pass filters for simultaneous visualization of FITC and 
Spectrum Orange signals. Over 1 0 FISH signals per cell or tight clusters of signals were considered 
30 as criteria for gene amplification. 

EXAMPLE 4 
mRNA In Situ Hybridization 

For mRNA in situ hybridization, tumor array sections were deparaffinized and air 
dried before hybridization. Synthetic oligonucleotide probes directed against erbB2 mRNA 
3 5 (Genbank accession number X03363, nucleotides 350-396) was labeled at the 3'-end with 33 P-dATP 
using terminal deoxynucleotidyl transferase. Sections were hybridized in a humidified chamber at 
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42 °C for 1 8 hours with 1 X 1 0 7 CPM/ml of the probe in 1 00 /xh of hybridization mixture (50 % . 
formamide, 10% dextran sulfate, 1% sarkosyl, 0.02 M sodium phosphate, pH 7.0, 4 X SSC, 1 X 
Denhardfs solution and 10 mg/ml ssDNA). After hybridization, sections were washed several times 
in 1 X SSC at 55 °C to remove unbound probe, and briefly dehydrated. Sections were exposed for 
5 three days to phosphorimager screens to visualize ERBB2 mRNA expression. Negative control 
sections were treated with RNase prior to hybridization, which abolished all hybridization signals. 

The present method enables high throughput analysis of hundreds of specimens per 
array. This technology therefore provides an order of magnitude increase in the number of 
specimens that can be analyzed, as compared to prior blocks where a few dozen individual formalin- 
1 0 fixed specimens are in a less defined or undefined configuration, and used for antibody testing. 
Further advantages of the present invention include negligible destruction of the original tissue 
blocks, and an optimized fixation protocol which expands the utility of this technique to visualization 
of DNA and RNA targets. The present method also permits improved procurement and distribution 
of human tumor tissues for research purposes. Automation of the procedure permits efficient 
1 5 specimen sampling and array formation into multiple tissue arrays, each providing as many as 50, 
100 or even up to 200 sections for molecular analysis. Entire archives of tens of thousands of 
existing formalin-fixed tissues from pathology laboratories can be placed in a few dozen high-density 
tissue microarrays to survey many kinds of tumor types, as well as different stages of tumor 
progression. The tumor array strategy also allows testing of dozens or even hundreds of potential 
20 prognostic or diagnostic molecular markers from the same set of tumors. Alternatively, the 

cylindrical tissue samples provide specimens that can be used to isolate DNA and RNA for molecular 
analysis. 

In view of the many possible embodiments to which the principles of our invention 
may be applied, it should be recognized that the illustrated embodiments are preferred examples of 
25 the invention, and should not be taken as a limitation on the scope of the invention. Rather, the scope 
of the invention is defined by the following claims. We therefore claim as our invention all that 
comes within the scope and spirit of these claims. 
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We claim: 

1 . A method of parallel analysis of tissue specimens, comprising: 
obtaining a plurality of donor specimens; 

placing each donor specimen in an assigned location in a recipient array; 
5 obtaining a plurality of sections from the recipient array in a manner that each section 

contains a plurality of donor specimens that maintain their assigned locations; 
performing a different histological analysis of each section; and 
comparing the results of the different histological analyses in corresponding assigned 
locations of different sections to determine if there are correlations between the results of the 
10 different histological analyses at each assigned location. 

2. The method of claim 1, wherein the donor specimen is obtained by boring an elongated 
sample from the donor specimen, which is placed in the assigned location in the recipient array. 

3. The method of claim 2, wherein placing the donor specimen in an assigned location in 
the recipient array comprises forming an elongated receptacle in a donor block, and placing the 

1 5 elongated sample in the elongated receptacle of the recipient block. 

4. The method of claim 3, wherein the elongated sample is placed in a receptacle having a 
cross-sectional size and shape complementary to a cross-sectional size and shape of the elongated 
sample. 

5. The method of claim 4, wherein forming the elongated receptacle comprises forming a 
20 cylindrical bore in the recipient block, and the sample is obtained by boring a cylindrical tissue 

specimen from the donor block, wherein a diameter of the elongated receptacle is substantially the 

same as a diameter of the sample. 

6. The method of claim 1, further comprising associating a clinical parameter with each 

assigned location in the recipient array. 
25 7. The method of claim 1 wherein performing the different histological analysis on each 

slide comprises performing different tests selected from the group of an immunological analysis and 

a nucleic acid hybridization. 

8. The method of claim 6, further comprising determining whether there are correlations 
between clinical parameters, immunologic analysis and nucleid acid hybridization. 
30 9. The method of claim 1 , wherein the biological sample is a tissue specimen or cellular 

preparation. 

1 0 . A method of parallel analysis of identical arrays of tissue specimens, comprising: 
forming a donor block comprising a biological specimen embedded in embedding medium; 
obtaining a plurality of cylindrical donor sample cores from the biological specimen; 
35 boring receptacle cores from a recipient embedding medium to form an array of cylindrical 

receptacles; 
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placing the donor sample cores in the cylindrical receptacles at assigned locations in the 

array; 

sectioning the recipient embedding medium to obtain a cross-section of the donor sample 
cores in the array, while maintaining the assigned locations in the array in consecutive cross-sections; 
5 performing a different histological analysis of each cross-section; and 

comparing a result of each histological analysis in corresponding assigned locations of 
different sections to determine if there are correlations between the results of the different 
histological analyses at each assigned location. 

1 1 . The method of claim 10, further comprising comparing the results of the different 

10 histological analyses at each assigned location to clinical information about the biological specimen 
at the assigned location. 

12. The method of claim 11, wherein the biological specimen is a tissue specimen from a 

tumor. 

13. The method of claim 12, wherein the histological analyses comprise immunologic 
15 analysis and nucleic acid hybridization analysis. 

14. The method of claim 10, further comprising aligning a thin tissue section above the 
donor block to identify an area of interest from which the donor sample core is taken. 

15. The method of claim 1 0, wherein the cylindrical donor sample core has a diameter that 
is less than about 1 mm. 

20 16. A cross-section of the donor sample cores obtained by the method of claim 1 0, 

17. An apparatus for preparing specimens for parallel analysis of sections of biological 
material arrays, comprising: 

a holder that can be positioned to maintain a tissue donor block in a donor position; and 
a reciprocal punch positioned in relation to the holder to punch a tissue specimen from the 
25 donor block in the donor position, wherein the holder is also capable of holding a recipient block in a 
recipient position, and the recipient block comprises an array of receptacles, each of which can be 
positioned in a preselected position in relation to the reciprocal punch to deliver a tissue specimen 
from the reciprocal punch into a receptacle in the preselected position. 

1 8. The apparatus of claim 17, wherein the holder comprises an x-y positioning device that 
30 can be incrementally positioned to align sequential receptacles with the reciprocal punch. 

19. The apparatus of claim 17, further comprising a stylet positioned for introduction into 
the reciprocal punch to expel the tissue specimen from the punch into one of the receptacles aligned 
with the punch. 

20. The apparatus of claim 17, further comprising a positioner that positions a thin section 
35 slide over the donor block, to align structures of interest in the thin section slide with corresponding 

tissue specimen regions in the donor block. 
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21 . The apparatus of claim 17, further comprising a separate reciprocal punch capable of 
being positioned in a fixed position relative to the recipient block for forming the array of receptacles 
in the recipient block. 

22. The apparatus of claim 2 1 , further comprising a recorder for recording the positions of 

5 the receptacles in the recipient block. 

23. The apparatus of claim 22, wherein the recorder is a computer implemented system for 
recording the positions of the receptacles, and an identification of the tissue specimen that is placed 
in each receptacle. 

24. A computer implemented system for parallel analysis of consecutive sections of tissue 

10 arrays, comprising: 

an x-y positioning platform for moving a tray to a plurality of coordinates that correspond to 

positions in a recipient block array ; 

a receptacle punch positioned in punching relationship with respect to the positioning 
platform, such that the receptacle punch can punch a receptacle core from a recipient block on the 

1 5 positioning platform, 

a donor punch positioned in a punching relationship with respect to the positioning 
platform, such that the donor punch can punch a donor specimen from a donor block on the 
positioning platform, wherein the receptacle core has a diameter that is substantially the same as the 
diameter of the donor specimen; 
20 a stylet that is selectively alternatively aligned with the donor punch and the recipient 

punch, for displacing contents of the receptacle punch after a receptacle core is punched from the 
recipient block, and for displacing contents of the donor punch into receptacles of the recipient block 
array after a donor specimen is punched from the donor block; and 

wherein the system records an identification of tissue in the receptacles of the recipient 

25 array. 

25. The computer implemented system of claim 24, further comprising a microscope for 
viewing the donor block, and locating a structure of interest in a reference slide aligned with the 
donor block. 

26. The computer implemented system of claim 24, wherein the system punches a 

30 receptacle core from the recipient block and displaces the receptacle core from the receptacle punch 
with the stylet, then punches a donor specimen from the donor block, aligns the donor punch with a 
selected receptacle in the recipient block, and displaces the donor specimen into the selected 
receptacle. 

27. A method of analyzing ex vivo tissue specimens, comprising punching an elongated 
35 tissue sample from the ex vivo tissue specimen, and subjecting the sample to a biological analysis. 
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28. The method of claim 27, wherein punching the elongated tissue sample from the tissue 
specimen comprises placing the tissue specimen in a holder below a reciprocal punch, and advancing 
the reciprocal punch into a predetermined location of the tissue specimen. 

29. The method of claim 28, further comprising placing the tissue specimen in an 
embedding medium prior to punching. 

30. The method of claim 29, wherein the predetermined location of the tissue specimen is 
determined by examining a thin section cut from the embedding medium. 
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We claim: 

1 . A method of parallel analysis of tissue specimens, comprising: 
obtaining a plurality of donor specimens; 

placing each donor specimen in an assigned location in a recipient array; 
5 obtaining a plurality of sections from the recipient array in a manner that each section 

contains a plurality of donor specimens that maintain their assigned locations; 
performing a different histological analysis of each section; and 
comparing the results of the different histological analyses in corresponding assigned 
locations of different sections to determine if there are correlations between the results of the 
10 different histological analyses at each assigned location. 

2. The method of claim 1, wherein the donor specimen is obtained by boring an elongated 
sample from the donor specimen, which is placed in the assigned location in the recipient array. 

3. The method of claim 2, wherein placing the donor specimen in an assigned location in 
the recipient array comprises forming an elongated receptacle in a donor block, and placing the 

1 5 elongated sample in the elongated receptacle of the recipient block. 

4. The method of claim 3, wherein the elongated sample is placed in a receptacle having a 
cross-sectional size and shape complementary to a cross-sectional size and shape of the elongated 
sample. 

5. The method of claim 4, wherein forming the elongated receptacle comprises forming a 
20 cylindrical bore in the recipient block, and the sample is obtained by boring a cylindrical tissue 

specimen from the donor block, wherein a diameter of the elongated receptacle is substantially the 
same as a diameter of the sample. 

6. The method of claim 1, further comprising associating a clinical parameter with each 

assigned location in the recipient array. 
25 7. The method of claim 1 wherein performing the different histological analysis on each 

slide comprises performing different tests selected from the group of an immunological analysis and 
a nucleic acid hybridization, 

8. The method of claim 6, further comprising determining whether there are correlations 
between clinical parameters, immunologic analysis and nucleid acid hybridization. 
30 9. The method of claim 1 , wherein the biological sample is a tissue specimen or cellular 

preparation. 

10. A method of parallel analysis of identical arrays of tissue specimens, comprising: 
forming a donor block comprising a biological specimen embedded in embedding medium; 
obtaining a plurality of cylindrical donor sample cores from the biological specimen; 
35 boring receptacle cores from a recipient embedding medium to form an array of cylindrical 

receptacles; 
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placing the donor sample cores in the cylindrical receptacles at assigned locations in the 

array; 

sectioning the recipient embedding medium to obtain a cross-section of the donor sample 
cores in the array, while maintaining the assigned locations in the array in consecutive cross-sections; 
5 performing a different histological analysis of each cross-section; and 

comparing a result of each histological analysis in corresponding assigned locations of 
different sections to determine if there are correlations between the results of the different 
histological analyses at each assigned location. 

11. The method of claim 10, further comprising comparing the results of the different 

1 0 histological analyses at each assigned location to clinical information about the biological specimen 
at the assigned location. 

12. The method of claim 1 1, wherein the biological specimen is a tissue specimen from a 

tumor. 

13. The method of claim 12, wherein the histological analyses comprise immunologic 
1 5 analysis and nucleic acid hybridization analysis. 

14. The method of claim 10, further comprising aligning a thin tissue section above the 
donor block to identify an area of interest from which the donor sample core is taken. 

15. The method of claim 10, wherein the cylindrical donor sample core has a diameter that 
is less than about 1 mm. 

20 1 6. A cross-section of the donor sample cores obtained by the method of claim 10. 

17. An apparatus for preparing specimens for parallel analysis of sections of biological 

material arrays, comprising: 

a holder that can be positioned to maintain a tissue donor block in a donor position; and 
a reciprocal punch positioned in relation to the holder to punch a tissue specimen from the 
25 donor block in the donor position, wherein the holder is also capable of holding a recipient block in a 
recipient position, and the recipient block comprises an array of receptacles, each of which can be 
positioned in a preselected position in relation to the reciprocal punch to deliver a tissue specimen 
from the reciprocal punch into a receptacle in the preselected position. 

18. Tlie apparatus of claim 17, wherein the holder comprises an x-y positioning device that 
30 can be incrementally positioned to align sequential receptacles with the reciprocal punch. 

19. The apparatus of claim 17, further comprising a stylet positioned for introduction into 
the reciprocal punch to expel the tissue specimen from the punch into one of the receptacles aligned 
with the punch. 

20. The apparatus of claim 1 7, further comprising a positioner that positions a thin section 
35 slide over the donor block, to align structures of interest in the thin section slide with corresponding 

tissue specimen regions in the donor block. 
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21. The apparatus of claim 17, further comprising a separate reciprocal punch capable of 
being positioned in a fixed position relative to the recipient block for forming the array of receptacles 
in the recipient block. 

22. The apparatus of claim 21, further comprising a recorder for recording the positions of 

5 the receptacles in the recipient block. 

23. The apparatus of claim 22, wherein the recorder is a computer implemented system for 
recording the positions of the receptacles, and an identification of the tissue specimen that is placed 
in each receptacle. 

24. A computer implemented system for parallel analysis of consecutive sections of tissue 

10 arrays, comprising: 

an x-y positioning platform for moving a tray to a plurality of coordinates that correspond to 

positions in a recipient block array; 

a receptacle punch positioned in punching relationship with respect to the positioning 
platform, such that the receptacle punch can punch a receptacle core from a recipient block on the 

1 5 positioning platform, 

a donor punch positioned in a punching relationship with respect to the positioning 
platform, such that the donor punch can punch a donor specimen from a donor block on the 
positioning platform, wherein the receptacle core has a diameter that is substantially the same as the 
diameter of the donor specimen; 

20 a stylet that is selectively alternatively aligned with the donor punch and the recipient 

punch, for displacing contents of the receptacle punch after a receptacle core is punched from the 
recipient block, and for displacing contents of the donor punch into receptacles of the recipient block 
array after a donor specimen is punched from the donor block; and 

wherein the system records an identification of tissue in the receptacles of the recipient 

25 array. 

25. The computer implemented system of claim 24, further comprising a microscope for 
viewing the donor block, and locating a structure of interest in a reference slide aligned with the 
donor block. 

26. The computer implemented system of claim 24, wherein the system punches a 

30 receptacle core from the recipient block and displaces the receptacle core from the receptacle punch 
with the stylet, then punches a donor specimen from the donor block, aligns the donor punch with a 
selected receptacle in the recipient block, and displaces the donor specimen into the selected 
receptacle. 

27. A method of analyzing ex vivo tissue specimens, comprising punching an elongated 
35 tissue sample from the ex vivo tissue specimen, and subjecting the sample to a biological analysis. 
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28. The method of claim 27, wherein punching the elongated tissue sample from the tissue 
specimen comprises placing the tissue specimen in a holder below a reciprocal punch, and advancing 
the reciprocal punch into a predetermined location of the tissue specimen. 

29. The method of claim 28, further comprising placing the tissue specimen in an 
embedding medium prior to punching. 

30. The method of claim 29, wherein the predetermined location of the tissue specimen is 
determined by examining a thin section cut from the embedding medium. 
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AMENDED CLAIMS 

[received by the International Bureau on 16 September 1999 (16.09^99); 
original claims 1-30 replaced by amended claims 1-50 (5 pages)] 

1 . A method of making an array for performing an analysis of biological specimens, 
comprising: 

obtaining an elongated donor specimen from a biological donor material that is to be analyzed; 
providing a recipient member having an elongated receptacle, with the receptacle extending 
transverse to a plane of the array that is to be analyzed; and 

placing the donor specimen in the receptacle, at a fixed assigned location in the recipient 
array, which position is recorded. 

2. The method of claim 1, wherein providing the recipient member comprises providing an 
array of preformed elongated receptacles in the member. 

3. The method of claim 2, further comprising obtaining a plurality of sections from the 
recipient array with each section containing a plurality of donor specimens that maintain their assigned 
locations. 

4. The method of claim 2, wherein the donor specimen is placed in a receptacle having a 
cross-sectional size and shape complementary to a cross-sectional size and shape of the elongated 
specimen. 

5. The method of claim 2, wherein the preformed elongated receptacles are cylindrical bores 
in the recipient member, and each specimen is obtained by boring a cylindrical tissue specimen from 
the donor material. 

6. The method of claim 5, wherein a diameter of each elongated receptacle is substantially 
identical to the diameter of the specimen that is placed in the receptacle. 

7. The method of claim 2, further comprising associating a clinical or laboratory 
characteristic, or both, with each assigned location in the recipient array, wherein the clinical 
laboratory characteristic is other than information obtained from the array. 

8. The method of claim 2, wherein the biological sample is a tissue specimen or cellular 
preparation. 

9. The method of claim 2, wherein the receptacles are in a substantially regular array, spaced 
by a distance of about 0.05 mm between adjacent edges of the receptacles. 

10. The method of claim 2, wherein at least hundreds of donor specimens are spaced in a 

substantially regular array. 

1 1 . The method of claim 1 , wherein the method is an automated method. 

12. The method of claim 2, wherein the receptacles are formed in a substantially regular 
array by a coordinate positioning system. 

13. The method of claim 12, wherein the donor specimens are placed in assigned receptacles 
by the coordinate positioning system. 
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14. The method of claim 13 T wherein information about each donor specimen is recorded 
with reference to a coordinate positioning system. 

15. The method of claim 14, wherein the information about each donor specimen includes 
clinical information about a subject from whom the biological specimen was obtained. 

16. The array formed by the method of claim 2. 

17. A section of the recipient array, made by the method of claim 3. 

18. A system of preparing an array of tissue specimens, comprising: 
providing one or more donor blocks comprising a biological specimen embedded in 

embedding medium; 

boring one or more donor sample cores from the biological specimen in one or more of the 
donor blocks; 

boring receptacle cores from a recipient member to form an array of preformed receptacles at 
coordinate positions determined by the system; and 

placing the donor sample cores in the preformed complementary receptacles at assigned 
locations in the array. 

19. The method of claim 18, further comprising sectioning the recipient embedding medium 
transverse to the donor sample cores to obtain a cross-section of the donor sample cores in the array, 
while maintaining the assigned locations in the array in consecutive cross-sections. 

20. The method of claim 18, further comprising automatically recording an identification of 
each donor sample, including clinical or laboratory information, or both, about the donor sample. 

21 . The method of claim 18, further comprising aligning a thin tissue section above the donor 
block to identify an area of interest from which the donor sample core is taken. 

22. The method of claim 18, wherein the cylindrical donor sample core has a diameter that is 
less than about 4 mm. 

23. The method of claim 22, wherein the automated system forms an array of substantially 
equally spaced receptacles that are less than about 4 mm in diameter. 

24. The method of claim 23, wherein the substantially equally spaced receptacles are 
positioned with an automated coordinate positioning system. 

25. A cross-section of the donor sample cores obtained by the method of claim 10. 

26. An apparatus for preparing specimens for parallel analysis of sections of biological 
material arrays, comprising: 

a donor block holder for holding a tissue donor block in a donor position; and 
a reciprocal punch positioned in relation to the holder to punch a tissue specimen from the 
tissue donor block when the donor block is in the donor position; and 
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a recipient block holder for holding a recipient block in a recipient position, wherein the 
recipient block comprises an array of receptacles, each of which is positionable in a preselected 
position in relation to the reciprocal punch to deliver a tissue specimen from the reciprocal punch into a 
receptacle in the preselected position. 

27. The apparatus of claim 26, wherein the holder comprises an x-y positioning device that 
can be incrementally moved to align sequential receptacles and the reciprocal punch. 

28. The apparatus of claim 26, further comprising a stylet positioned for introduction into the 
reciprocal punch to expel the tissue specimen from the punch into one of the receptacles aligned with 
the punch. 

29. The apparatus of claim 26, further comprising a positioner that positions a reference slide 
over the donor block, to align structures of interest in the reference slide with corresponding tissue 
specimen regions in the donor block. 

30. The apparatus of claim 26, further comprising a separate reciprocal punch capable of 
being positioned relative to the recipient block punching the array of receptacles in the recipient block, 
wherein the separate reciprocal punch is different than the reciprocal punch positioned to punch the 
specimen from the tissue donor block. 

31. The apparatus of claim 26, further comprising a recorder that records coordinate 
positions of the receptacles in the recipient block. 

32. The apparatus of claim 31, wherein the recorder is a computer implemented system for 
recording the positions of the receptacles, and recording an identification of the tissue specimen that is 
placed in each receptacle. 

33. The apparatus of claim 32 wherein the identification includes information about the 
biological material that is not obtained from analysis of sections of the biological material. 

34. The apparatus of claim 26, further comprising a sectioning device that cuts the recipient 
block into sections that can be subjected to different analyses. 

35. The apparatus of claim 34, wherein results of the different analyses of the sections are 
recorded in association with information about the biological material that is not obtained from analysis 
of the sections themselves. 

36. The recipient block of claim 26. 

37. One or more of the sections of claim 34. 

38. An automated system for making arrays of biological specimens for serial analysis, the 
system comprising: 

a recipient array having a plurality of spaced elongated receptacles into which different 
biological specimens can be placed in fixed positions; 
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an automatic delivery mechanism that introduces sequential biological specimens into different 
receptacles at assigned coordinate positions of the array; 

a recorder that identifies the biological specimen in each of the different receptacles at the 
assigned coordinate positions. 

39. The automated system of claim 38, wherein the automatic system also records clinical or 
laboratory information about the biological specimen, or both. 

40. The automated system of claim 39 wherein the automated system correlates the clinical or 
laboratory information, or both, with the serial analysis performed on sequential sections of the 
recipient array. 

41. The system of claim 38, wherein the system further comprises a donor block from which 
the biological specimen is obtained by a punch. 

42. The system of claim 38, further comprising an incremental positioner that incrementally 
moves the recipient array or delivery mechanism to the assigned coordinate positions after each 
sequential biological specimen is introduced into each receptacle. 

43. The system of claim 38, wherein the delivery mechanism is a punch which punches a 
tissue specimen from a donor receptacle. 

44. The system of claim 41 , wherein the recipient array is formed by punching an elongated 
receptacle in the recipient array, automatically moving the recipient array or punch incrementally to 
align the punch with a new coordinate position on the recipient array, and punching another elongated 
receptacle in the new position. 

45. The system of claim 44, wherein the delivery mechanism delivers each biological 
specimen to a receptacle at a recorded position in the recipient array. 

46. A computer implemented system for parallel analysis of consecutive sections of 
biological material arrays, comprising: 

an x-y positioning platform that moves a tray to a plurality of coordinates that correspond to 
positions in a recipient block array; 

a receptacle punch positioned to punch a receptacle core from a recipient block on the 
positioning platform, 

a donor punch positioned to punch a donor specimen from a donor block on the positioning 
platform, wherein the receptacle core has a diameter that is substantially the same as a diameter of the 
donor specimen; 

a stylet that is selectively alternatively aligned with the donor punch and the recipient punch, 
for displacing contents of the receptacle punch after a receptacle core is punched from the recipient 
block, and for displacing contents of the donor punch into receptacles of the recipient block array after 
a donor specimen is punched from the donor block; and 



AMENDED SHEET (ARTICLE 19) 



WO 99/44063 



29 



PCT/US99/04001 



wherein the system records an identification of the biological material in the receptacles of the 
recipient array. 

47. The computer implemented system of claim 46, further comprising a microscope for 
viewing the donor block, and locating a structure of interest in a reference slide aligned with the donor 
block. 

48. The computer implemented system of claim 46, wherein the system punches a receptacle 
core from the recipient block and displaces the receptacle core from the receptacle punch with the 
stylet, then punches a donor specimen from the donor block, aligns the donor punch with a selected 
receptacle in the recipient block, and displaces the donor specimen into the selected receptacle. 

49. The computer implemented system of claim 46, wherein the identification of the 
biological tissue includes clinical or laboratory information, or both, about the biological material in 
each of the receptacles. 

50. The computer implemented system of claim 49, wherein the biological material is a tumor 
embedded in a block. 
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An array-based technology facilitates rapid correlated gene copy number and expression profiling of a very large numbers of human 
tumors ; HuXds fc^^ftissiie biopsies (diameter 0.6 mm) from morphologically representative regions of individual Uimors can be 
rami in" pa^SSk. Consecutive sections from such arrays provide targets for parrallel in situ visuahzat^n and quantitation 

^mA mrS^^l^. For example, amplifications of six loci (mybL2, erbB2, Cyclin-Dl, myc, 17q23 and 20ql3) were rapidly 
dete^tned by Zrescence in situ hybridization from 372 ethanol-fixed breast cancers. Stratification of tumors by estrogen receptor and 
^SS^ ^^^dkO^ patterns of gene amplification in the various subgroups of breast cancer that may have prognostic 
| uu4y ^"Le array technology is useful in the rapid molecular profiling of hundreds of normal and pathological tissue specimens or 
cultured cells. 
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1 . A method of making an array for performing an analysis of biological specimens, 
comprising: 

obtaining an elongated donor specimen from a biological donor material that is to be analyzed; 

providing a recipient member having an elongated receptacle, with the receptacle extending 
transverse to a plane of the array that is to be analyzed; and 

placing the donor specimen in the receptacle, at a fixed assigned location in the recipient 
array, which position is recorded. 

2. The method of claim 1, wherein providing the recipient member comprises providing an 
array of preformed elongated receptacles in the member. 

3. The method of claim 2, further comprising obtaining a plurality of sections from the 
recipient array with each section containing a plurality of donor specimens that maintain their assigned 
locations. 

4. The method of claim 2, wherein the donor specimen is placed in a receptacle having a 
cross-sectional size and shape complementary to a cross-sectional size and shape of the elongated 
specimen. 

5. The method of claim 2, wherein the preformed elongated receptacles are cylindrical bores 
in the recipient member, and each specimen is obtained by boring a cylindrical tissue specimen from 
the donor material. 

6. The method of claim 5, wherein a diameter of each elongated receptacle is substantially 
identical to the diameter of the specimen that is placed in the receptacle. 

7. The method of claim 2, further comprising associating a clinical or laboratory 
characteristic, or both, with each assigned location in the recipient array, wherein the clinical 
laboratory characteristic is other than information obtained from the array. 

8. The method of claim 2, wherein the biological sample is a tissue specimen or cellular 
preparation. 

9. The method of claim 2, wherein the receptacles are in a substantially regular array, spaced 
by a distance of about 0.0S mm between adjacent edges of the receptacles. 

10. The method of claim 2, wherein at least hundreds of donor specimens are spaced in a 
substantially regular array. 

1 1 . The method of claim 1 , wherein the method is an automated method. 

12. The method of claim 2, wherein the receptacles are formed in a substantially regular 
array by a coordinate positioning system. 

13. The method of claim 12, wherein the donor specimens are placed in assigned receptacles 
by the coordinate positioning system. 
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14. The method of claim 13 t wherein information about each donor specimen is recorded 
with reference to a coordinate positioning system. 

15. The method of claim 14, wherein the information about each donor specimen includes 
clinical information about a subject from whom the biological specimen was obtained. 

16. The array formed by the method of claim 2. 

17. A section of the recipient array, made by the method of claim 3. 

18. A system of preparing an array of tissue specimens, comprising: 

providing one or more donor blocks comprising a biological specimen embedded in 
embedding medium; 

boring one or more donor sample cores from the biological specimen in one or more of the 
donor blocks; 

boring receptacle cores from a recipient member to form an array of preformed receptacles at 
coordinate positions determined by the system; and 

placing the donor sample cores in the preformed complementary receptacles at assigned 
locations in the array. 

19. The method of claim 18, further comprising sectioning the recipient embedding medium 
transverse to the donor sample cores to obtain a cross-section of the donor sample cores in the array, 
while maintaining the assigned locations in the array in consecutive cross-sections. 

20. The method of claim 18, further comprising automatically recording an identification of 
each donor sample, including clinical or laboratory information, or both, about the donor sample. 

21 . The method of claim 18, further comprising aligning a thin tissue section above the donor 
block to identify an area of interest from which the donor sample core is taken. 

22. The method of claim 18, wherein the cylindrical donor sample core has a diameter that is 
less than about 4 mm. 

23. The method of claim 22, wherein the automated system forms an array of substantially 
equally spaced receptacles that are less than about 4 mm in diameter. 

24. The method of claim 23, wherein the substantially equally spaced receptacles are 
positioned with an automated coordinate positioning system. 

25. A cross-section of the donor sample cores obtained by the method of claim 10. 

26. An apparatus for preparing specimens for parallel analysis of sections of biological 
material arrays, comprising: 

a donor block holder for holding a tissue donor block in a donor position; and 
a reciprocal punch positioned in relation to the holder to punch a tissue specimen from the 
tissue donor block when the donor block is in the donor position; and 
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a recipient block holder for holding a recipient block in a recipient position, wherein the 
recipient block comprises an array of receptacles, each of which is positionable in a preselected 
position in relation to the reciprocal punch to deliver a tissue specimen from the reciprocal punch into a 
receptacle in the preselected position. 

27. The apparatus of claim 26, wherein the holder comprises an x-y positioning device that 
can be incrementally moved to align sequential receptacles and the reciprocal punch. 

28. The apparatus of claim 26, further comprising a stylet positioned for introduction into the 
reciprocal punch to expel the tissue specimen from the punch into one of the receptacles aligned with 
the punch. 

29. The apparatus of claim 26, further comprising a positioner that positions a reference slide 
over the donor block, to align structures of interest in the reference slide with corresponding tissue 
specimen regions in the donor block. 

30. The apparatus of claim 26, further comprising a separate reciprocal punch capable of 
being positioned relative to the recipient block punching the array of receptacles in the recipient block, 
wherein the separate reciprocal punch is different than the reciprocal punch positioned to punch the 
specimen from the tissue donor block. 

31. The apparatus of claim 26, further comprising a recorder that records coordinate 
positions of the receptacles in the recipient block. 

32. The apparatus of claim 31, wherein the recorder is a computer implemented system for 
recording the positions of the receptacles, and recording an identification of the tissue specimen that is 
placed in each receptacle. 

33. The apparatus of claim 32 wherein the identification includes information about the 
biological material that is not obtained from analysis of sections of the biological material. 

34. The apparatus of claim 26, further comprising a sectioning device that cuts the recipient 
block into sections that can be subjected to different analyses. 

35. The apparatus of claim 34, wherein results of the different analyses of the sections are 
recorded in association with information about the biological material that is not obtained from analysis 
of the sections themselves. 

36. The recipient block of claim 26. 

37. One or more of the sections of claim 34. 

38. An automated system for making arrays of biological specimens for serial analysis, the 
system comprising: 

a recipient array having a plurality of spaced elongated receptacles into which different 
biological specimens can be placed in fixed positions; 
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an automatic delivery mechanism that introduces sequential biological specimens into different 
receptacles at assigned coordinate positions of the array; 

a recorder that identifies the biological specimen in each of the different receptacles at the 
assigned coordinate positions. 

39. The automated system of claim 38, wherein the automatic system also records clinical or 
laboratory information about the biological specimen, or both. 

40. The automated system of claim 39 wherein the automated system correlates the clinical or 
laboratory information, or both, with the serial analysis performed on sequential sections of the 
recipient array. 

41. The system of claim 38, wherein the system further comprises a donor block from which 
the biological specimen is obtained by a punch. 

42. The system of claim 38, further comprising an incremental positioner that incrementally 
moves the recipient array or delivery mechanism to the assigned coordinate positions after each 
sequential biological specimen is introduced into each receptacle. 

43. The system of claim 38, wherein the delivery mechanism is a punch which punches a 
tissue specimen from a donor receptacle. 

44. The system of claim 41, wherein the recipient array is formed by punching an elongated 
receptacle in the recipient array, automatically moving the recipient array or punch incrementally to 
align the punch with a new coordinate position on the recipient array, and punching another elongated 
receptacle in the new position. 

45. The system of claim 44, wherein the delivery mechanism delivers each biological 
specimen to a receptacle at a recorded position in the recipient array. 

46. A computer implemented system for parallel analysis of consecutive sections of 
biological material arrays, comprising: 

an x-y positioning platform that moves a tray to a plurality of coordinates that correspond to 
positions in a recipient block array; 

a receptacle punch positioned to punch a receptacle core from a recipient block on the 
positioning platform, 

a donor punch positioned to punch a donor specimen from a donor block on the positioning 
platform, wherein the receptacle core has a diameter that is substantially the same as a diameter of the 
donor specimen; 

a stylet that is selectively alternatively aligned with the donor punch and the recipient punch, 
for displacing contents of the receptacle punch after a receptacle core is punched from the recipient 
block, and for displacing contents of the donor punch into receptacles of the recipient block array after 
a donor specimen is punched from the donor block; and 
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wherein the system records an identification of the biological material in the receptacles of the 
recipient array. 

47. The computer implemented system of claim 46, further comprising a microscope for 
viewing the donor block, and locating a structure of interest in a reference slide aligned with the donor 
block. 

48. The computer implemented system of claim 46, wherein the system punches a receptacle 
core from the recipient block and displaces the receptacle core from the receptacle punch with the 
stylet, then punches a donor specimen from the donor block, aligns the donor punch with a selected 
receptacle in the recipient block, and displaces the donor specimen into the selected receptacle. 

49. The computer implemented system of claim 46, wherein the identification of the 
biological tissue includes clinical or laboratory information, or both, about the biological material in 
each of the receptacles. 

50. The computer implemented system of claim 49, wherein the biological material is a tumor 
embedded in a block. 
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I. Basis of the report 

1 This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 
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Claims, No.: 

1 _5o as received on 
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Drawings, sheets: 
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1 -23 as originally filed 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

see separate sheet 
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Yes: 


Claims 
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No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-15, 18-24, 26-36, 46-50 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-15, 18-24, 26-36,46-50 




No: 


Claims 





2. Citations and explanations 
see separate sheet 
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The following defects in the form or contents of the international application have been noted: 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question 
claims are fully supported by the description, are made: 

see separate sheet 
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1 . Remarks with respect to item I 

1.1 Cited documents 

Reference is made to the following documents cited from the international search 
report: 

D2: US-A-4 914 022 (also cited in the description), 
D3: US-A-4 820 504. 

The following document was introduced during the examining procedure: 
D1: US-A-4 272 049. 

Further, the following document mentioned in the description is referred to. A copy 
thereof is attached to this report: 
D4: US-A-5 002 377. 

1.2 Objections pursuant to Art. 34 PCT: 

Claims 12-14 and 24 define a "coordinate positioning system", in contrast to original 
claims 18 and 24 and the description which were restricted to an "x-y positioning 
system", see e.g. p. 5, I. 5-7 mentioning an "x-y positioning platform", p. 13, I. 22-32 
mentioning an "x drive" and a "y drive" in addition to the possibility to move the sample 
in the z direction, and p. 14, I. 16-29 mentioning again an x-y drive. 
However, a "coordinate positioning system" need not necessarily be linked with 
Cartesian coordinates, so that the scope of the claim is broader than what is justified by 
the application as filed. For comparison of the claims with the prior art, it has been 
considered that the coordinate positioning system relates to a 'x-y positioning system'. 

2. Remarks with respect to item III 

An examination of claims 16, 17, 25, 37 and 38-45 in view of the requirements of Art. 
33(2)(3)(4) PCT is not possible due to the clarity objections, see item VIII. 
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3. Remarks with respect to item V 

3.1 Novelty (Art. 33(2) PCT): 

The features of each of claims 1-15, 18-24, 26-36 and 46-50 are not known in 
combination from prior art, see the following discussion on inventive step. 

3.2 Inventive step (Art. 33(3) PCT: 

Claim 1: Document D2 is regarded as representing the closest prior art to the subject- 
matter of claim 1 because it discloses a method of making an array for performing an 
analysis of biological specimens (see e.g. the array depicted in Fig. 1e, and col. 4, 1. 57- 
61 disclosing assembling tissue specimens in a drinking straw), the method comprising 
(see e.g. col. 4, 1. 25-42) obtaining elongated donor specimens from a biological donor 
material that is to be analysed. 

It is a problem of the method of D2 that the specimens are irregularly arranged within 
the holding device. 

It is an object of the present invention to provide an alternative method avoiding this 
problem. 

This object is attained by providing a recipient member with an array of elongated 
receptacles. Each donor specimen is placed in the receptacles such that their location 
is maintained, when sections from the array, transverse to the elongated receptacles 
are taken, see also the remarks with respect to item VIII. 

These features are also inventive in view of document D4 which discloses an 
alternative method of embedding specimens. However, in this case the specimens are 
loosely placed in elongated receptacles (parallel rectangular grooves), see Fig. 3, and 
finally embedded in an embedding medium such as agar gel. The pattern of the array 
of specimens may be selected to accommodate computer controlled image analysis, 
see col. 2, I. 11-18. However, only the final embedding makes sure that the position of 
the specimens is fixed (see e.g. Fig. 4). In contrast thereto, the present invention aims 
at positioning the specimens from the beginning such that their position is maintained 
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and a final embedding can be dispensed with. 

Document D3 discloses a method of preparing a multi-specimen tissue block by 
forming a plurality of specimens into rods which are wrapped in a casing, embedded in 
an embedding medium to form a tissue block which is finally divided into sections. 
Thus, the method leads to an irregular arrangement of the specimens, like the method 
of D2. 

Claim 18: The claim comprises all the features of claim 1, adding the step of boring 
receptacle cores from the recipient member. Thus, the claim is likewise inventive. 

Claim 26: Bearing in mind the clarifications made with respect to item VIII, the claim 
mainly differs from claim 18 by defining a reciprocal punch for gaining the donor 
samples. Thus, the claim is inventive as well. 

Claim 46: The claim defines a computer implemented system comprising the features 
of claims 18 and 26. Thus, the claim is inventive. 

Claims 2-15, 19-24, 27-36 and 47-50 are likewise inventive because they define 
additional features. 

3.3 Industrial applicability (Art. 33(4) PCT): 

The subject-matter of claims 1-15, 18-24, 26-36 and 46-50 is industrially applicable. 
4. Remarks with respect to item VII 

41 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

4.2 The description on pages 3-5 is not in conformity with the amended claims (Rule 
5.1(a) (iii) PCT). 
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5. Remarks with respect to item VIII 

5 1 Claims 16, 17, 25 and 37 are unclear because they define a product by way of its 
production. It is not possible to determine from a given cross-section of a donor sample, 
prepared by any of the defined methods, if this cross-section has in fact been produced 
in the indicated manner. It is noted that for a long time biological specimens have been 
embedded in paraffin, gelatine etc. by means of cavities having the desired shape for 
the blocks to be moulded, which are finally sectioned by a microtome. In a common 
method known to those skilled in the art, the bottom of the cavities is provided with a 
layer of e g. paraffin, before the sample is placed on top of this layer and embedded in 
further paraffin. It would be obvious to a skilled practitioner, e.g. when aiming to make 
his work efficient and economical, to perform this step several times, i.e. placing one 
object on a layer of paraffin, covering this object with a second layer, placing a second 
(or several spaced-apart samples) on top of this layer etc. 

When sectioning a paraffin block prepared in this way by a microtome one would get a 
cross-section of lots of specimens (maybe hundreds of specimens according to the 
circumstances) without having a possibility to decide if this cross-section has been 
created in the afore-described manner or in the way defined in present claim 1 . 
(In general, it would be possible to place specimens in the receptacles of a paraffin 
block and fill the remaining space between the specimens and the walls of the 
receptacles with further paraffin. Normally it would not be possible to decide from the 
sample blocks thus prepared, how they have been made. 

Cross sections prepared by the method of D3 (see e.g. Fig. 9 therein) or the sections 
prepared by the method of D4 (see Fig. 1 and 7 therein) might likewise be identical to 
the sections gained in the way it is presently defined.) 

5 2 For comparison of claims 1 , 1 8, 26 and 46 with the prior art, it has been considered 
that the donor specimens 'maintain their assigned locations when sections from the 
array, transverse to the elongated receptacles, are taken'. This feature is essent.al to 
the performance of the invention, bearing in mind that a position of a spec.es in a 
receptacle may also be maintained if its spatial extension is such that the spec.es is in a 
more or less loose contact with the wall of the receptacle. However, such a 
configuration would probably not allow to prepare sections from the sample w.thout 
disturbing the orientation of the specimen. 
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5 3 For comparison of claim 26 with the prior art, it has been considered that the 
plurality of means •for' (e.g. "donor block holder for") are each 'arranged to' perform the 
indicated steps, to make sure that these means are in fact used for the indicated 
purpose. 

5 4 Some features essential to the performance of the invention are missing from claim 
38 The claim is restricted to a system which arranges biological specimens .n 
elongated receptacles by means of a reciprocal punch. According to the summary of 
the invention on pages 3 and 4 of the description, a parallel analysis of tissue 
specimens is enabled by placing the objects to be analysed in a recipient array and 
preparing sections therefrom, whereby each section contains a plural.ty of donor 
specimens "that maintain their assigned locations", see I. 14-17 on page 3. In contrast 
thereto claim 38 merely defines a positioning of the specimens in the receptacles, 
without defining that the positions of the specimens are kept when sections from the 
array are taken (see also above item 5.2). Moreover, the description conveys the 
impression that the reciprocal punch is only used to£unch a donor specimen from a 
donor block, whereby a stylet is used to displace contents of the donor punch into the 
receptacles, see also present claim 46. However, claim 38 neither defines the one nor 
the other feature and thus goes beyond what is justified by the descr.pt.on and 
drawings. In fact, placing of the specimens into the receptacles by means of the punch 
could mean that the specimen is fixed to some part of the punch and is not necessanly 
arranged inside the punch as could be expected when a donor specimen is punched 
from a donor block. Thus, the scope of protection of claim 38 is broader than jusff.ed 
by the description. 

5 5 The plurality of different independent apparatus claims (cl. 26, 38, 46) and 
independent method claims (cl. 1 and 18) makes it difficult to determine the matter for 
which protection is sought and leads to lack of conciseness. 

5 6 For comparison of claim 46 with the prior art, it has been considered that the 
x-y positioning platform 7s arranged to move a tray to a plurality of coordinates', 
because the present definition is not in conformity with the category of the claim. 
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